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III. Conclujton of the Experiments and Obfervattons concerning the 
AttraSiive Towers of the Mineral Acids. By Richard Kir- 
wan, Efq, K R* S. 



Read Dec. la^ 1782. 

HAVING found, as exaftly as I was able, the quantity of 
each of the mineral acids taken up at the point of fatu- 
ration by alkalies and earths, and alfo that taken up by phlo- 
gifton, when thefe acids are by it converted into an afe'rial form, 
I next endeavoured to find how much of thefe acids was taken 
up at the point of faturation by each of the metallic fubftances, 
and for this purpofe procured the moft faturated folution poffi- 
ble of each metallic fubftance foluble in any of thefe acids. 
Thefe folutions did not. indeed, immediately anfwer my pur- 
pofe, as they conflantly retained an excefs of acid ; yet as they, 
were the foundation of my fubfequent obfervations, and as the, 
experiments themfelves are in many refpeds ufeful to be known, 
I fhall here briefly relate their refult, and confine myfelf to 
thofe circumftances fingly that relate to my future inveftiga- 
tions, or that have not heretofore been fatisfadlorily explained. 
TJie acids I ufed were dephlogifticated fo far as to be colourlefs ; 
the metals were for the moft part very fine fihngs, or reduced 
in a mortar to a fine powder. They were added little by little 
to their refpeftive menftruums, much more being thus diffolved 
than if the whole was thrown in at once ; and the folution 
%vas performed in glafs phials with bent tubes. 

Solution 
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Solution of iron in the vitriolic acid,, 

100 grs. of bar-iroiij in the temperature of ^6""^ require for 
their foiution, 190 grs. of real acid, whofe proportion to that 
of the water with which it fliould be diluted^ is as i to 8, 10^ 
or 12. It would a<9: on iron, though its proportion were 
greater or leffer, but not fo vigourouflj. If towards the end a 
heat of 200"" were appliedj 123 grs. of real acid would be 
fufFicient. 

The air produced by this folution is intirely inflammable^ and 
generally amounts to 155 cubic inches. 

Iron is alfo foluble with the affiffcance of a ftrong heat, and 
in fmalkr quantity in concentrated vitriolic acid; and in this 
cafe fcarce any inflammable air is produced/^ but a large quan- 
tity of vitriolic air as Dr. priestley has obferved, and afmall 
quantity of fulphur fublimes at the latter end. This faft is a 
clear refutation of Mn Lavoisier's hypothefis; for is it not 
evident, that the fame fubftance which, when a dilute acid is 
ufed, goes off in the form of inflammable air, does when 
a concentrated acid is ufed, to unite this acid, and thus 
form both vitriolic air and fulphur? In the firft cafe it 
cannot unite to the acid, by reafon of the large quantity 
of water combined with the acid; and as the liquor, being 
mofHy aqueous, contains a large quantity of fpecific fire, 
it receives that fire when the acid unites to the metallic 
earth, and flies off in the form of air. But in the fecond cafe, 
the concentrated acid, containing much lefs fpecific fire, can- 
not expel the phlogiflon in the form of inflammable air (as 
this air abforbs a vafl quantity of fire) but unites to it, when 
by heat it is further ftripped of its water^ and thus forms both 

100 
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witrioric air and fuipliui:. loa grs. of iron^ Hiffolved without 
■heat, afford upwards''#-'40DW'^^^l.' 

loo grs. of the vitriol cryftalHzed contain 25 of iron, 20 of 
real acid, and 55 of water. When calcined nearlj to rednefs 
thefe cryftals lofe about 40 of water, 

Th^ calces of iron are more or lefs fdluble in this acid 
according to their degree of dephlogiftication. Thofe that are 
phlogifticated (as that recently precipitated from a folution df 
vitriol by fixed alkaHes) are alfo moft foluble, and upon eva- 
poration aibrd cryftals, thougli paler than thofe formed of ge- 
ilninelron, Thofe that are leaft phlogifticated are alfo leaft 
fdluble, that is, require more real acid for their folution, and 
afford no cryftals, but only a magma or mother liquor. Hence 
alfo, folution s of iron newly made diminifh, and confequently 
phlogifticate the fuper-incumbent air, and confequently gra- 
dually emit phlogifton : and hence the calx, being more de- 
phlogifticated, gradually falls unlefs more acid be added to keep 
It in folution • 

Iron in the niirom acsd. 

100 grs. of iron, to be perfectly diflblved, and not ba:rely 
calcined, require 142 grs. of real nitrous acid, fo diluted m 
that its proportion to water fhould be as i to 13 or 14 ; and 
when this laft proportion is ufed, the heat of a candle may be 
applied for a few feconds, and the ax:cefs of common air pre- 
vented. In this cafe not above 18 cubic inches of nitrous 
air are produced, all the reft is abforbed by the folution^ 
and no red vapours appear. But if the proportion of acid 
and water be as i to 8 or 10, and heat %e applied, a much 
greater quantity of iron will be dephlogifticated, though 
very little of it be held in folution; and by this means 
i have: obtained from 100 grs. of iron, 83,87 .cubic Inches 
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of nitrous air; and by diftilling the f^^^^ 
quantity may be obtained^..^ich was abfbrbed by the iblution^ 
No inflammable air is obtained frpm folutions of iron or 
any other metallic fubftance in the nitrous acid, becaufe this 
acid has lefs affinity to water, and more to phlogifton, than 
the vitriolic acid^ and alfo contains much lefs fire than either 
the vitriolic or marine acids, as will be feen in the fequel, and 
therefore unites to phiogifton inflead of barely expelling it* 
And hence it is, that the vitriolic acid, though united with 30 
times its weight of water, will ftill vifibly zSi on iron, and fepa- 
rate inflammable air in the temperature of ^f ; whereas nitrous 
acid, diluted with 15 times its weight of water, will have no 
vifible efie£l on iron in that temperature. 

The calces of iron, if not too much dephlogiflicatedj are 
alfo folublej though diilicultly, in the nitrous acid^ 

Iren in the fnarme actd. 

100 grs« of iron require 215 of real marine acid for their 
folution. The proportion of acid to that of water in the fpirit 
of fait I ufed was as i to 4^ When itisas i to 4, it effervefces 
too violently. Heat is rM:her prejudicial, a-s it \^oktilifes the acid. 
No marine air flies ofl^ and the quantity of inflammable air is 
juft the fame as if dilute "vitriolic acid were uled. 

The cakes of iron are alfe Ibluble in marine acid* They 
may be diftinguiibed from ^nuine iron in this^ that their 
colour, when precipitated by fixed alkalies^ i^reMlfh^ whereas 
the precipitate of genuine iron is gr^ent/h^ 

Copper in the vitrhlk actd^ 

foogrs. of copper require nearly 1S3 grs« real vitriolic acid 

for their fblutioiia The proportion ctf acid to that of water 

% bein^ 



the AttraBhe Powers of Mineral Jcids. 1 9 

being as i to i, or at leaft as i to J^^ and a ftrong heat muft 
alfo be applied. I could never diffolve the whole of any quan- 
tity of copper ; but to diffolve a given quantity of it^ a flill 
greater muft be ufed in the proportion of nearly %% to igo^ 
though this refiduum alfo is foluhje by adding more acid* 
When copper has been dephlogifticated in this manner, a fblu* 
tion of it is obtained by adding warm water to the dephlogi^i- 
cated mafs. 

The dephlqgiftication of laS grs. of co^er treated In ^this 
manner affords 1 1 cubic inches of inflammable air, and nearly 65 
of vitriolic air. When I obtained inflamrnable the acid was a 
little more aqa:!eous. The reafon why copper cannot be dephlo- 
gifticated by dilute vitriolic acid, nor even by th^ concentirated, 
without the affiftance of a ftrong heat, as iron is, ^p^ars 
deriveable irom its much ftronger attraftion to j)hlogifton, and 
the much greater quantity of it which cof^er contain^, ajs will 
hereafter be feen. Hence 

1 00 grs. of vitriol of copper contain 217 of copper, 30 of 
acid, and 43 of water, of which it lofes about 28 by evapora- 
tion or flight calcination. 

The iblution of 100 grs. of copper affords 373 of blue 
vitrioL 

Copper in nitrous act d^ 

100 grs. ofcopper require r30 of real nitrous acid to diffolve 
them. M the acid be fo far diluted as that its proportion to 
that of water be as i to 14, the affiftance of heat willbenecef- 
fary, otherwife not. This folution affords 67! cubic inches of 
nitrous air. 

The calces of copper are alfo foluble in this acid.x 
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loo grs. of 'copper require 1 190 grs, of real marine acid to 
diflbite tfiem, audalfo the affiftance of a moderate lieat/the 
proportion of acid to that of water beipg as i to 44.5 that is, 
its fpecific gravity being I91869 if a greater heat he ufed, more 
of the acid wilt be requlfite, as much will be diffipated. If the 
acid be more concentrated, it will a£l mqre vigorouflj. 

In my llll: paper f mentioned, that Sf grs. of copper afforded 
S6 of 'marine air: however, I muft now add a circumftance 
which r then did not attend to^ which is, that the mercury 
over which that air was receivedwas aftedupon, fb that part of 
the air was due ta this a£]tidn, which invalidates the conclufion 
I there drew concerning the quantity of phlogifton in marine 
air, which hence appears to be greater than I there eftimated it.. 

The calces of copper are alfo foliible in this acid, though not 
fo eafily as in the nitrous acid... 

Tin in the vitriolic mid... 

ioo-grs.:,.of tin'-fequire..for theip'.perfe^ folution 87-2 grs, of' 
real vitriolic acid^ whole proportion to water ihould not be lefs 
than as i to t%, aiid alfo the affiftance of a ftrong heat; when 
the a6l:Ion of the acid has cealedi Ibme hot water fhould be^ 
added to the. turbid folution, and the whole again Jheated, This, 
folution affords 70 cubic inches of inflammable air. Tin is al£d 
foluble In ajnore dilute acid, , but not In ih great quantity. 

The calces of tin (except that precipitated from marine acid^ 
Ij fixed alMaiiesJareanfoluble in .this acid^,,.. 

Tin 
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^in in the nitrous acii^ 

100 grs. of till require, for tlieirperfeft folutioo, 1200 grs; 
of real nitrous acid, wHofe proportion to water flioiild be at 
leaft as I to 25, and the heat not exceeding 60"" : the quantity 
of air afforded by fuch folution is only ten cubic inches, and it 
is not nitrous. The folution is not permanent; for in a few- 
days it depofits a whitifti calx, and if the weather be warm 
B'urfts the phial. The calces of tin are infoluble in this acid. 

Tin in the marine acidi 

100 grs. of tin require for their folution 413 of real marine 
acid, whofe proportion to water is as i to 4|y,and alfo the 
affiflance of a moderate heat* This folution affords about 90 
cubic inches of iniammabfe air and 10 of marine air« The 
calces of tin are nearly infoluble in this acid* 

Ijead'in the vitriolic amL 

100 grs. of lead require for their folution 600 grs, of real 
acid, whofe proportion to* water is not lefs than that of i to 

^^^ and better if the quantity of water be ftill lefs ; and- 
hence, as with regard to copper^ a greater quantity of lead 
^ould be employed than is €xpe£l:ed to-be diflblved* A ftrong 
heat is alfo requiiite, and hot water Ihould be added lb the cal-< 
cined mafs, though fparingly, as it occaiions feme precipita^ 
lion. 

This metal is alfo .foluble^ but in a very fmall degree, in 
dilute vitriolic acid ; for it effervefces with fpirit of vitriol 
whofe fp^cific gravity,, ia only 1,275... 
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The calces of lead are fomething more foluble In this acid* 
too grs. of vitriol of lead, foritied bj precipitation ^ contains 
73 of lead, 17 of real acid, and 10 of water. Vitriol of lead, 
formed bj dire£t Iblutioa, Gontalas a large prqportlon of acid* 

Lead in the nitrous acii. 

100 grs. of lead require for their iblutlom about 78 grs. of 
real aeid^ whofe proportion to that of water may be as i to 11 
or 12, and the affiftance of heat towards the end. This folu- 
tion affords but eight cubic inches of nitrous air« The calces 
of lead are alfb fbluWe m this acid ; but if much dephlogifli- 
cated they become lefs foluble. 

100 grs. of rninium require Br grs. df real acid* 

1 00 grs. of nitrous lalt of lead contain about 60 of lead. 

Lead in the marine acid. 

100 grs. of lead require 600 grs. of real acid to diflblvc 
them, when the fpecific gravity of the fpirit of fait is 1,141, 
and alfo the affiftance of heat, by which much of the acid is 
diffipated. A ilronger acid would diflblve more. 

The calces of lead are more foluble in this acid than genuine 
lead. 100 grs. minium require 327 grs. of real acid % but 
white lead is much lefs ibluble. 

100 grs. of horn lead, formed by precipitation, contain 72 
of lead, 18 of marine acid, and 10 of water. 

Silver in the vitriolic acid. 

100 grs. of pure filver require to diflblve them 530 grs. of 
real vitriolic acid, whofe proportion to water is not lefs than 
that of I to ./-5, and when fuch a concentrated acid is ufed, it 
a6ts flightly even in the temperature of 60° ; but for a copious 

folutlon 
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fblution a moderate heat 1$ recjuifire. Thia iblut ion affords 30 
cubic inches of vitrloHc air. Standard iilvir affords more air 
and requires more acid for its folution. The calces of filver 
(that is, iih^er precipitated from its folution in nitrous acid by 
fixed alkalies, and weli-waflied, but which flill retains fbme ni- 
trous acid), are foluble even iii dilute vitriolic acid, without the 
affiftance of heat. 1 00 grs. of vitriol of filver, forined by pre- 
cipitation, contain 74 grs. of filver, about 17 of real acid, and 
9 of water. 

Silver m the nitrous acid. 

100 grs. of the pureft filver require for their folution "^(^ of 
mere nitrous acid,; diluted with water in the proportion of one 
part real acid to 6 of water, applying heat only when the folu- 
tion is almofi faturate. If fpirit of nitre be much more or 
much lefs dilytej, it will not a£l without the afliftance of heat> 
The laft portions of filver, thus taken up, afford no air. Stan'^ 
dard filver requires about 38 grs. of real acid to diffolve the fame 
proportion of it. And the folution of it affords 20 cubic inches 
of nitrous air, whereas 100 grs. of filver, revived itom luna 
corram^ afford about 1 4. 

Siher in the imrine mid. 

I have not been able to diiblve filver, in its metallic ftate, in 
fpirit of fait, yet I believe it may be effeaed. if fufflcient time 

be allowed, as Mr. bayen, in his Treatife on Tin, p. 20 1» 
fays, he diffolved 3I grs. of filver by digefting it forfome days 
in two ounces of ftrong fpirit of fait. Leaf filver is alfo faid to be 
corroded by ftrong fpirit of fait, i newm. 70. The dephlogifii- 
cated marine acid alfo diffolves it, according to the obfervations 
of MeflVscHEELE and bergmai^: and fo does the phlogifii- 

cated 
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^eatecl'in.a vaporous ftate. loo grsv\of hotn iiker contain ^j' 
^-df'fiivejV i-!early.r8,of ael^ and jdf w^ten 

■Goid'ift aqua regia.^ 

1 macle feveral experiments wlCh aqua regla^ in tvliich tlie 
rfiitrous and marine acids were mixed in different proportions, 
and found ito to €ucceed beft, ii^ %¥Mch the quantity of real 
marine acid was to that of the nitrous as 3 to 1, and both as 
concentrated as poffible.; though if both be very concentrated, 
it is hard to mix them fo as to prevent a great quantity from 
efcaping, as they effervefce very violently fome time after mix- 
ture. J 00 grs, of gold require 246 grs. real acid for their folu- 
■tion, the two acids being in the above mentioned proportion. 

The Ipecific gravity of the nitrous acid I ufedwas 15465, and 
that of the marine 1,1 78. The folution is better promoted by 
allowing it fufiicient time than by applying heat. The heat I 
nfed did not exceed 90 or lOo"'* - Very little air is produced, and 
the folution is very flow. Aqua regia made with common fait 
or fal ammoniac and fpirit of nitre is much lefs aqueous, than 
that refuiting from an immediate combination of both acids; 
and hence is the fitteft for the produdibn of cryftals of gold. 

Gold is alfo foluble in the dephlogiflicated marine acid, but 
in very fmall quantity, unlefs this acid be in a vaporous ftate, 
for in a liquid flate it is too aqueous* In vitriolic and nitrous 
acids it is alfo infoluble ; but the calces of gold are eafily folu- 
ble in the marine acid,, very flightlyin -the nitrous, and fcarce 
at ail in the vitriolic. - Gold in its metallic ftate may be diiEFufed 
tlirough, but not difiblved, , 'by the .concentrated nitrous acid. 

.•6 Mercury 
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Mercury in vhrwUc acid. 

100 grs. of quickfilver require for their folutbii 230 grs* of 
real vitriolic acid, whofe proportion to that of water is at leaft 
as I to -/^, and alfo a ftroiig heat. The air produced is 
vitriolic. Precipitate, p^rfe^ is ftill iefs foluble. 

100 grs. of vitriol of mercury, produced bj precipitation, 
contain 77 of mercury, 19 of acid, and 4 of water. 

Mercury In nitrms acid. 

100 grs. of mercury are diflblved by 28 grs. of real nitrous 
acid, whofe proportion to that of water is as t to i and -'^\, 
and without the affiftance of heat • Mercury is alfo foiuble, 
but in frnaller quantity, in a much more dilute acid, with the 
afliftance of heat. The produft of air is about 1 2 cubic inches 
or lels, if heat be not appUed. Mr. lavoisier found the pro- 
dud of air much greater, which evidently was caufed by his 
ufmg red or yellow fpirit of nitre, which already contains much 
phlogifton. When I diffolved a hundred grs. of mercury in 
three times more acid than was neceflary for its folution, and 
without heat, 1 obtained but 7 cubic inches of nitrous air, and 
the folution was green ; but, on applyhig heat when the folu* 
tion was over, I obtained 2 more cubic inches, and then the 
folution was of the colour of oil of olives. 

Precipitate, per Je^ is much more difficultly diffolved by 
nitrous acid than genuine mercury, which I attribute to the 
attradion of the aerial acid contained in the precipitate. 

Mercury in marine acid. 

The marine acid, in its common phlogifticated ftate, does 

not z€c on mercury, at leaft in its ufual ftate of concentrations 

Vol. LXXIIL E but 
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but Mr. H0MBERG5 ill the Paris Memoira for the year 1700^ 
afiures us^ he diflblved mercury in marine acid, whofe fpecific 
gravity was I530O5 by keeping it fome months in digeftion. The 
authors of the Cours de Chymie de Dipn affirm alfo its folubility 
in this acid, though in very fmall quantity. The dephlogifti- 
cated marine acid, in a vapourous ftate, certainly aft s upon it, 
though while in a liqiiid ftate it is too weak, by reafon of its 
dilution. 

Precipitate, pe^fi^ h. alfo Ibluble in marine acid, with the 
affiftance of heat. 100 grs. of fublimatc corrofive contain 77 
of mercury, 16 of real acid, and 6 of water. 100 grs, of 
mercurius dulcis contain 86 of mercury, and 14 of acid and' 
water. 

Zmc . in vitrioUc acid.. 

100 grs. of zinc require for their fblutibn loo: grs. of real 
acid, whofe proportion to that of water may be as 1 to 8, 10, 
or 1 2, applying heat towards the end, when the acid is almoft 
faturated. A fmall quantity of black powder always remains 

iindlffolved. The produft of inflammable air is 100 cubic 
inches.- It is foiuble in the concentrated vitriolic acid, with the 
aid of heat. 

100 grs. of vitriol of zinc contain ao of zinc, 22 of acid, 
and 58 of vv^ater. 

The calces of zinc, if not exceedingly dephlogiftlcated, are 
alfo foiuble in this acid. 

Zinc in nitrous acid. 

100 grs. of zinc require for their folution 125 grs.-of real 
nitrous acid, whofe proportion to that of water is as' 1 to 12, 
applying from time to time a flight heat. If 'a concentrated acid 

2 , be 
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be ufed, lefs will be diffolved^ as much of the acid will efcape 
during the efFervefcence, 1 could procure no nitrous air from 
the foiution by any management^ as the nitrous acid is in part 
decompofed during the operation. 

The calces of zinc, if not too much dephlogifticated;, are 
alfa foluble in this acid^ 

Zinc in Marine Acid. 

The fame quantity of zinc requires of this acid 210 grs. 
the proportion of real acid in the menftruum being as i to 9, 
and ufing from time to time a flight heat. If a lefs dilute acid 
be ufed, more real acid will be requifite, as much of it will 
efcape during the efFervefcence, 

The calces of zinc are alfo foluble in this acid* 

Bifmuth in vitriolic acid, 

200 grs. of oil of vitriol, whofe fpecific gravity was 1,863^ 
diffolved but three grs, of wifmuth in a ftrong heat; but 
flightly dephlogifticated a greater quantity* 400 grs. of fpirit 
of vitriol, whofe fpecific gravity was 1,200, diffolved but one 
p:rain. The calces of wifmuth are much more foluble. The 
foiution of the 3 grs. afforded 4 cubic inches of vitriolic air. 

Bifmuth in nitrous acid. 

The foiution of 100 grs. of bifmuth require but 100 grs. of 
real nitrous acid, whofe proportion to water fhould be as i to 
8 or 9. In this laft cafe, a gentle heat may be applied. This 
foiution affords 44 cubic inches of nitrous air. The calces of 
bifmuth are alfo foluble in this acid. 

I, % Bifmuib 
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400 grs. of fpirit of fait, whofe fpecific gravity is r^zao 
diflblved only 3 or 4 grs. of bifmuth. 

Nickel in vitriolic acid. 

100 grs. of concentrated vitriolic acid diflblve about 4 of 
nickel, v^ith the affiftance of a ftrong heat. The calces of 
nickel are much more foluble. 

Nickel in nitrons acid.. 

100 grs. of nickel require for their folution 112 grs, of ni- 
trous acid, w^hofe proportion to water is as 1 to 11 or i2> 
affifted with a moderate heat. A concentrated acid a6ls fo rapidly 
that much is dillipated. The produft of nitrous air is 79 cubic 
inches* The calces of nickel are alfo foluble in this acid. 

Nickel in marine acid. 

200 grs, of fpirit of fait, whofe fpecific gravity is 1,2 20^ 
diflblved 4 or 5 grs. of nickel, without the affiftance of heat. 
A weaker acid difiblves lefs, and requires the affiftance of heato. 
In all thefe cafes of diiRcult folution more of the metal will be 
taken up by diftillation and cohobation ; but the proportion will 
be difficult to ailign* 

The calces of nickel are alfo difficultly foluble in this acid 

Cobalt in vitriolic acid» 

100 grs. of cobalt require 450 grs. of real acid, whofe pro- 
portion to its water is not lefs than x to ^-^^ and a heat of 
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270^ at leaft. By pouring warm water on the dephloglfticated 
mafs a folution is obtained. 

TKe calces of cobalt are Hill more folublei even a dilute 
acid will ferve. 

Cobalt in nitrous acid. 

100 grs. of cobalt recjuires 220 grs. of real nitrous acidj, 
whofe proportion to water is as i to 4, giving towards the mxd. 
a heat of i8o^ 

The calces of cobalt are foluble in this acid. 

Cobalt in marine acid^ 

100 grs. of fpirit of fait, whofe fpecific gravity is 15178^ 
diifolves, with the affiftaoce of heat, 2| grs* of cobalt* A 
more concentrated acid will diflblve more. 

The calces of cobalt are more foluble in this acid^ 

Regulus of antimony in vitriolic acid. 

100 grs. of regulus. of antimony require for their folution 
P5 grs. of real acid, whofe proportion to water is as i to ^-%-^,. 
and a heat of 4oo''. More regulus fhould be employed than is 
expe£ted to be diffolved, and the refulting fait requires a large 
quantity of water to diffolve it; for the concentrated acid lets 
fall much when water is added to it. A lefs concentrated acid 
will alio difibke this femi- metal, but in foialler quantity. 

The calces of antimony, even diaphoretic antimony, are 
fomething more foluble. 

Regulus of antimony in nitrous acid^ 

too grs. of this femi-metal require 900 grs. of real mitrous 
acid, whofe proportion to water is as i to iz, aided with a 
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heat of I id". The folution^ howdver, becomes turbid In a 
•few dajs. 

The cakes of aatimofly are fbhible in a rnuch left degree. 

Reguhs of antimony in marine acid. 

loogrs. of fpirit of faltj whofe Ipecific gravity is 1,220, dillblve 
about I gr, of regulus, with the a'fliftance of a flight heat. Spirit 
of fait, whojfe fpecific gravity is 1,178, alfb a£l:s upon it, but 
diflblves ftill lefs. I believe the concentrated acid would, in a 
long time, and with the help of a gentle heat, diflblve much 
more of it. 

The calces of antimony are much more foluble in this acid. 

Regulus qf arfenic in vitriolic acid^ 

200 grs» of oil of vitriol, whofe fpecific gravity is 1,871, 
diflblve 18 of regulus of arfenic In a heat of 250°, Of thefe 
about 7 cryfl:alize on cooling, and are foluble in a large quan- 
tity of water. 

The calces of arfenic are more foluble in this acid. 

Regulus of arfenic Jn nitrous acid. 

I do grs, of this femi-metar require 140 grs. of real nitrouS 
acid, whofe proportion to water is as i to 1 1, and the afliflance 
of heat. It is foluble in a lefs or more concentrated acid, but 
in a leflfer degree. This folution affords 102 cubic inches of 
nitrous air. The barometer at 30, and the thermometer at 60. 

The calces of arfenic are alfo foluble in this acid. 

Reguhs of arfenic in marine acid. 

100 grs, of fpirit of fait, whofe fpecific gravity is 1,220, 
diflblve if grs* of regulus of arfenic; the marine acid, in its 

common 
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cdmmoott dilute fta^^^ tHat is, whofe fpecific gravity is under 
I J 1 7, dofes' not at all afFeft it. 

The calces of arfenic ar^ lefs foluble in this acid than in the 
vitriolic or nitrous. 

We have now gone through moft of thebafes to which acids 
ire capable of uniting (manganefe and platina I have purpofely 
omitted^ as I was not pofleffed of a fafficient quantity of either 
in that degree of purity rec^uiiite for exaft experiments); We 
have alfo feen the quantity of the mineral acids requifite to 
faturate each bafis, except the metallic bafes, all- of which 
require an excels of acid; not only to diffolve them, as in moft: 
cafes much of it flies off with the phlogifton in an aerial form, 
but alfo to keep them in folution. The qnantity of any balls, 
taken up by a given quantity of any of thefe acids, is eafily 
found r for if 100 grs. ofany bafis tajce up, at the point of 
faturatimn or require for their folution, the quantity ^ of any 
acid, the quantity taken up or diflblved by 100 grs. of that 

acid. will, be -., 

a 

The prdportion of ingredients which T have affigned to dif-^ 
ferent neutral falts appears, at firft fight, very different from. 
that which Mh bergman. has afcribed-to them. This for 
fome time made me very ujiqafy,. as 1: have the higbeft^ confi- 
dence in the Ikill and judgement of that excellent chymift ; but. 
on a ftrid examination I have found, that the difference is more 
apparent than real. Mr. bergman has never attempted to. 
afcertain the quantity of rmlzdd in any fubftance; but has,,. 
according, to '^ the cuftom of all preceding writers,,.^ beftowed the. 
title of acid on thofe liquids which contain it in the moft con- 
-centrated^ or at- leaft... in, a very concentrated- ftxite, but whicli. 

ftilli 
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ftlll confeiiediy contain fome undeterniined propoitioii of wa- 
ter^ and by the quantity of water he commonly ynderftands 
that whicli is retained by cryflallization: thuSj in his firft voL p. 
137. he fays, that 100 grs. of vitriol of iron contain 23 of iron, 
39 of vitriolic acidj and 38 of water. But in his treatife De 
ProduSiis Vulcanicis^ § 12. he fays, that 100 grs. of vitriol of 
iron eon tain 24 of iron, 24 of dephlegmat ed vitnoVic acid, and 
52 of water; and this lalT: calculation fcarcely differs from 
mine, as I aflign to 100 grs. of vitriol 25 of iron, 20 of real 
vitriolic acid, and 55 of water. The difference manifeftly 
arifes from the quantity of water ftill contained in his de- 
phlegmated acid. The moft material difference between us 
regards the quantity of the mineral acids taken up by alkalies ; 
for, according to his and Mr. scheffer's experiments, they 
take up more of the vitriolic than of the nitrous, and 
more of the nitrous than of the marine ; whereas, according 
to Mn homberg's, Dr. plummer's, Mr. wenzel's, and my 
experiments, this does not happen. This difference arifes in 
all probability from the different degrees of evaporation by 
which the cryftals of thefe falts are obtained ; for which reafon 
i did not examine the quantity of the cryffcals, which mufi: be 
variable, but that of dry fait, left after thorough evaporation. 
With regard to the quantity of earth and metallic bafis in dif- 
ferent falts, Mr. Bergman's experiments and mine agree almofc 
intirely. 

The advantages refulting fi'om thefe inquiries are very con fi- 
derable, not only in promoting chymical fcience, which, being 
a phyfical analyfis of bodies, eflentialiy requires an exact deter- 
mination, as well of the quantity and proportion, as of the 
quality of the conftituent parts of bodies, but aifo in the 
pra£tical way. Thus, in the firfh place, it is well known, that 

feveral 
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leveral important procelles are very inaccuratefy defcribed by 
antient chymical writers, and even by fome of a modern date, 
they frequently, for inftance, defcribe the acid they employed 
by reference to the quantity of fixed alkali, earth, or metal, a 
given quantity of fuch acid was Capable of neutralizing or 
diflblvlng. Now the foregoing obfervations immediately in- 
form us of the quantity of real acid capable of performing that 
effe6l ; the remainder, therefore, mufl have been water ; and 
the quantity of real acid and water being known, the fpecific 
gravity is eafily found by the help of the foregoing tables, and 
thus an acid of the fame ftrength may be formed. Thus 
SCHLUTTER, in the beft treatife on Effaying yet extant^, in- 
forms us, that the beft aqua fortis for parting filver from gold 
is that of which a pound diffoives one mark, that is, half a 
pound of filver : then 1000 grs. of it fliould diflblve 500 of 
filven Now, by the foregoing experiments, we find, that 
100 grs, of alloyed filver require 38 of real acid for their folu- 
tion ; confequently 500 grs« of filver will require ipogrs.j 
confequently 1000 grs, of fuch fpirit of nitre fhould contain 
190 grs. of real acid and 810 of water. Then recurring to 
the table of the nitrous acid, I find, by the rule of proportiofi^^ 
that the fpecific gravity of this acid muft be about 1,261 ; for 
as 190 is to 810, fo is 393 acid to 1675 of water. This pro- 
portion of water is fomewhat greater than that I ufed, but 
SCHLUTTER ufes a fand heat. 

2dly, The importance of this knowledge in the art of phar- 
macy is very obvious, efpecially with regard to medicines 
formed of metallic fubftances, whofe powers depend on the 
proportion of their ingredients, and their adion on each other. 

jdly, This degree of precifion muft tend confiderably to the 

"^ Vol. I. p. 332, French edition. 
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improvement of the arts of djing and enamelling^ the pro- 
cefies by which many of their ingredients are procured being 
at prefent much too vague* Thus the procefs at prefent ufed 
for preparing the precipitate of CASsms frequently fails, the 
ftrength of the acids not being fufficlently afcertained. 

4thly, The ufes of thia knowledge in the examination of 
mineral waters, and in efiaylng of ores, have been amply 
proved In the elaborate treatifes which the celebrated berg- 
man has lately given us on thefe fubjefts. And I may furthei^ 
add, that the knowledge of the quantity of acid requlfite for 
the folution of different metallic fubftances may alfo furniil;i us 
with a new criterion for diftinguifhing them from each other, 
and the purer from their alloy s^ and in fame cafes inform us 
of the quantity and quality of the alloy :. thus, loo parts pure 
filver require lefs of the nitrous acid to diffolve them than 
lOQ grs. of ftandard filver ; thus alfo,^ by diffolving in fpirit of 
fait any metallic fubftance fufficlently foluble therein,, we may 
know whether it ccmtains the fmalleft particle of filver, quick- 
lilver, or arfenic, as thefe are almofl: Infoluble therein, or of 
regulns of antimony, cobalt, nickel, or wifmuth, of which 
it alfo takes but a fmall pro|X)rtion. 

But the end which of late I had principally in view, was to 
afcertain and meafure the degrees of affinity or attraftion that 
fubfift betwixt the mineral acids, and the various bafes with 
which they may be combined, a fubje€t of the greateft Impor- 
tance, as it is upott this foundation that chymiftry, coniidered as 
a fcicnce,, muft finally refl ; and though much has been already 
done, and many general obfervations laid down on this headg^ 
f et Co many exceptions have occurred even to fuch of thefe 
obfervations as feemed to have been mofl: firmly eflablifhed, 
that not only a variety of tables of affinity have been, formed^ 
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but many very eminent cliymills have been induced to doubt, 
whether any ^neral law whatibever could be traced. But^ as 
the judicious beegman well obferves, it were much more rea- 
fonable to examine the circumftances of thefe exceptions, which 
undoubtedly arife from the introdudion of new powers, and 
lay down rules qualified with fuch reftriilbns as are obferved m 
the aftion of thefe antag<^nift: powers. This is the plan I have 
jfollowed ; but before I proceed to explain myfelf, I muft open 
the fubje£l: in a more general way. 

Chymical affinity or attraftion is that power by which the 
Invifible particles of difterent bodies intermix and unite with 
each other fo intimately as to be infeparable by mer^ mecha- 
nical means. In thi-s refped it differs from magnetic and 
eieiftrical attraftion. It alfo differs from attra£l ion of coheiion 
m this, that the latter takes place betwixt particles of almoft 
all forts of bodies whofe furfaces are brought into immediate 
<Jonta8: with each other; for chymical attra£bion does not a£t 
v/ith that degree of indifference, but caufes a body already 
united to another to quit that other and utiite with a third, and 
hence it is czWtd ele^ive attraction. Hence attradion of cohe- 
Eon often takes place betwixt bodies that have no chymical 
attraction to each other ; thus regulus of cobalt and wifmuth 
have no chymical attra£lion to each other, for tliey will not 
ueite in fufion, yet they cohere with each other fo ftrongiy, 
that they can be feparated only by a ftroke of a hammer. 

Hence bodies, which refufe to unite to each other chymically 
when they are mofl minutely divided, as when both are in a 
vaporous or aerial ftate^ or when both are in a liquid ftate, may 
!>e iudged, in the firftcafe, to have none ; or in the fecood cafe, 
to have at beft but a very fmall affinity to each other. But 
jthi^fe that xxmXo^ when one of them only is in a liquid ftate, 

F 2 m^j 
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may be faid to have a ftrong affinity to each other, and it is 
thus that acids unite to alkalies, earths, and metals, for the 
inoft part. 

In order to determine the degrees of affinity, Mr. geoffroy 
has laid it down as 2, general rule, that when two fubftances 
are united, and either quits the other to unite to a third, that 
which thus unites to this third fubftance mufl: be faid to have a 
greater affinity to it than to the fubftance it has quitted. This 
undoubtedly is the cafe when only two attraftive powers are 
concerned ; thus, when felenite isdecompofed by a cauftic fixed 
alkali, it is evident, that the vitriolic acid has a ftronger affi- 
nity to the alkali than to the earth; but in many cafes a de« 
compofition, feemingly fingle, is in fad: double, and the refult 
of the adion of more than two powers, and then it is not eafy 
to know which is the greateft, nor confequentiy to determine 
the degree of attraction ; for inftance, the vitriolic acid unites 
to a mild fixed alkali, and expels the fixed air from it, yet it 
does not neceffarily follow, that tke vitriolic acid attrads, or is 
attracted, by the alkali more ftrongly than the aerial acid ; for 
though there appears here only a fingle decompofition, yet ia 
reality a fort of double decompofition takes place, the vitriolic 
acid giving out its fire to the aerial, while the aerial refigns the 
alkali to the vitriolic ; and hence a decompofition might well 
take place, even on the fuppofition that the affinity of botlx 
acids to the alkali was equal : therefore, to attain any certainty 
in this matter, it is neceffary to afcertain the quantity andforce.- 
of each of the attractive powers, and denote it by numbers. 

Mr. MORVEAU was the firft w^ho perceived the neceffity ol 
this calculation, and he has accordingly communicated to us, in 
numbers, a table of the attractive power of mercury with 
refpeCt to metals ; but his method is incapable of being genera- 
^ lixed^ 
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Ezed, Mr. wenzel had alfb an eye to flich calculation i but 
liis method is much more defective. It is only this, '* To 

dlfcover (fays he) the quantity of affinity which the nitrous 
id bears to the different fubftances with which it is capable 
^' of uniting^ let fmall equal cylinders of each of the metals 
^^ be covered over, except at one end, with melted amber, and 
^* then expofed to equal quantities of the fame fpirit of nitre^ 
^' and in the fjime temperature ; then let the times of the foki- 

tion of each be noted. The affinity of the acid ioeach.of thefe 
^ metals %vjll be inverfely as the times nece^jfary for the foluiion of 

equal quantities of them^ And as he well knew that fpirit: 
of nitrcj, of the fame degree of concentration, would not adt 
equally on each of them, he required that it ihould be diluted 
in Ibme cafes, and undiluted in others, and allowance to be 
made for this in the febfequent calculation. But alkalies and 
earths are here intirely omitted ; and even as to metals no 
conclufion can be drawn by this method. Tin and regulus of 
antimony are moft rapidly attacked by this acid, lead and cop- 
per much more flowly ; yet it is well known, that its affinity 
to lead is much flronger than its affinity to tin, and its affinity 
to copper greater than to regulus of antimony. Silver and 
quickfilver are more flowly diflblved, and yet the affinity of 
t?he nitrous acid to theie metals,, as will be fcen in the iequel,, 
is by far the greateft. 

Neither can this method be in any wift; applied to the eftima- 
tion of the affinities of the other mineral acids ; for though the vi- 
triolic and marine acids diffoive very {lowly,difficaltly, and fpa« 
Hngly, feveral metals that are copioufly and readily dillblved by 
the nitrous, yet they both have a fironger affinity to thofe rery 
metals than the nitrous has to them, as is evident with regard 
lofdver, mercury, and lead j. which are precipitated from the 

lutroii^^: 
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nitrous by the vitriolic and marine, though the two firfl: are 
infoiuble in the marine, and all three difficultly foluble in the 
%4triolic. Accordingly, we do not find that Mr* wenzel has 
ever made the propofed experiments, atleaft he makes no men- 
tion of their refult* 

The difcovery of the quantity of real acid in each of the 
mineral acid liquors, and the proportion of real acid, taken up 
by a given quantity of each bafis at the point of faturation, led 
me unexpeftedly to what feems to me the true method of in- 
veftigating the quantity of attradion which each acid bears to 
the feveral bafes to which it is capable of uniting ; for it was 
impoffible not to perceive, 

Firft, That the quantiiy of real acld^ necefary tofaturate a 
given weight of each bafis ^ is inverjely as the affinity of each 
bafis to Jkch acid. 

Secondly, That the quantity of each bafs^ requifite tofiturate 
a given quantity of each acid^ is direBfy as the affinity of fich 
acid to each bafis. 

Thus loo grs. of each of the acids require for their flitura-^ 
tion a greater quantity of fixed alkali than of calcareous earths, 
more of this earth than of volatile alkali, more of this alkali 
than of magnefia, and more of magnefia than of earth of 
all«m, as may be feen in the following table* 

^antity ofbafs taken up by loo grs. of each of the mineral acids. 
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As thefe numbers agree with what common experience 
teaches us concerning the affinity of thefe acids, with their 
refpeflive bafes, they may be confidered as adequate expreflions. 
of the quantity of that affinity, and I (hall in future ufe tliem 
as fuch. Thus the aliinity of the vitriolic acid to fixed vege- 
table alkali, that is, the force with which they unite, or tend 
to unite, to each other, is to the affinity with which that fame 
acid unites to calcareous earth as 215 grs. to no; and to that 
which the nitrous acid bears to calcareous earth as 215 grs. to 
96, &c. But before I proceed further in the comparifon of 
thefe forces, it is neceflary to fay fomething of the nature of 
faturation.. 

A body is faid to be faturated with another, w^hen it is fa 
intimately combined with th^ other as to lofe fome peculiar 
charadleriftic property, which it pofielTes whea free from that 
other. Thus acids poffefs the property of changuig the juice 
of turnfol,. or infulion of litmus, red. According to Mr^ 
BERGMAN One grain of the moft. concentrated oil of vitriol will 
give a vifible rednefs to 172,300 grs. of this infufion, and one 
cubic inch of water, faturated with fixed air (the weakeil: of 
all acids, as is generally thought) of which w^ater takes up 
only about its^ own bulk., and confequently 25 j grs. take up 
only about half a grain, reddens 50 cubic inches, that is, 
about i2,65Qgrs, of the infufion, When acids lofe this pro-- 
perty they are faid to be faturated : and if both bodies are fatu- 
rated, the compound is faid to be neutralized. 

If an acid be united to lefs of any bafis than is requifite for 
its faturation, its affinity to the deficient part of its bafis is as- 
tlie ratio whichk that deficient part bears to the whole of what the 
acid can faturate. Thus if 100 grs, of vitriolic acid be united 
%o ^^ parts only of calcareous earthy its affinity to. the deficient 

55 W^^ 
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55 parts ftiould be eftimated half of its whole affinity, as <:5 
is the half df i lo ; but its affinity to the retained'part is as its 
whole affinity. 

I fhall now (hew how all decompoiitions, in which thefe 
three acids and the above mentioned bafes are alone concerned, 
may ealily be explahied. 

In all decompoiitions we mnlT: conlider, firft, the powers 
which relift any decompofition^ and tend to keep the bodies in 
their prefent ftate ; and, fecondly, the powers which tend to 
effect a decompolition and a new union. The firft I {hall call 
qutefcent affinities, and the fecond fort dhelknL 

A decompofition will always take place when the fum of the 
divellent affinities i^ greater than that of the quiefcent ; and, on 
the contrary, no decompofition ^''ill happen when the fum of 
the quiefcent affinities is fuperior to, or equal to, that of the 
divellent". all we have to do, therefore, is to compare the fums 
of each of thefe powers* Thus^, if the folutions of tartar 
vitriolate and nitrous felenite be mixed, a double decompofition 
will take place, a true felenite and mtre being the refult of 
fuch mixturct 



Quieicent affinities. 

'Vitriolic acid to fixed veget. alkali 21 5 
Nitrous acid to calcareous earth 96 



Sum' of the quiefcent affinities 3 1 1 



X)ivellent affinities. 

Vitriolic acid to calcareous earth ii<i 
Nitrous i^cid to vegetable alkali 215 



Sum of the divellent 



325 



Hence a double decompofition muft neceflarily happen. 

The fame double decompofition will be produced if, in (lead 
iof tartar vitriolate, Glauber's fait be ufed^ i margr. 392."; 
£or'the fum of the quiefcent affinities is 261, and that of the 
davelleot 275. So alio, if vitriolic ammon. be u fed for the fum 
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of the qmefcent is 1869 and that of the divellent 195, or Ep- 
fom faltj I MARGR. 390. Mem. Pan 1778^ p. 339. or allum^ 
I MARGR. 387. The determinations, however, with regard 
to alhim are not quite fo exact as the foregoing ; becaufe allum^ 
whether vitrioHc, nitrous, or marine, conftantly retains an 
excefs of acid, the exa6l point of faturation cannot be found as 
I have already remarked, and is well known : however, the 
fuperiority is on the fide of the divellent affinities, as it Ihould 
be. If, inftead of a folution of nitrous felenite, that of ma- 
rine feienite be mixed with the folutions of the above men- 
tioned vitriolico-neutral falts, the fame ibrt of double de- 
compofition will happen, and a true felenite will be formed, i 
MARGR. 382; and on calculation it will be conftantlj found, 
that the fum of the divellent conftantly exceeds that of the 
quiefcent affinities. 

So alfo, if a folution of tartar vitriolate be mixed with a 
folution of nitrous or marine Epfom, a double decompofition 
will take place, though no vifible change^ will appear in the 
mixed liquor, as vitriolic Epfom is exceeding foluble in water, 
and therefore is not precipitated as felenite is, on account of its 
infolubiiity, Mem, Par. 1778, p- 338. In the firft cafe, the 
fum of the quiefcent powers is 290, and of the divellent 295 ; 
in the fecond cafe, that of the quiefcent is 286, anp of the 
divellent 295. 

If a folution of Glauber's fait be mixed with that of ni- 
trous or marine Epfom, an invilible double decompofition will 
alfo happen, Mem. Par, ibid. Hence Mr. quatremere 
DijoN«%^AL, who lately denied this double decompofition (roz* 
Mai 1782, p. 392.) was certainly deceived. In the firfl cafe^ 
the fum of the quiefcent affinities is 240, and of the divellent 
245 ; in the fecond cafe^ that of the quiefcent is 236, and of 

\ GXi LXXIIL G the 



42 Mr. KiRWAN^s 'Experiments and Objervations on 

the divellent 238, Further, if a folutioii of nitre be mixed 
with a folution of marine felenite^ an inviiible double decom- 
pofitioo will enfue, Mem. Par, i*]y% p- 341. ; thefum of the 
quiefcent powers being 304, and of the divellent 313. 

If a folution of nitrous Epfom be mixed with that of ma- 
rine felenite, a double decompolition will be the confequence^ 
ly Roz, 393. : the fum of the quiefcent affinities being 164^. 
and that of the divellent i6y. 

From all which I eolle£tj firfl:, that the quantity of each 
affinity, as here determined, perfeftly coinciding with all the 
fefts hitherto known, which are pretty numerous, may be 
looked upon as exafr or nearly fo.. 2dly,. That thefe decompo- 
fitions are perfedtly confident with the fuperior affinity which 
hitherto has been generally afcribed to the vitriolic and nitrous 
acids with fixed alkalies over that which thefe acids bear to 
earths, and do not in the leaft infringe the received laws of 
affinities, as Meffi marher, monnet, and lately Mr, coR-- 
NETTE, in the Memoirs of Paris for 1778, p« ^^^. do infinuatCo 
There is a fa€t, however, in that valuable repofitory of 
ehymical knowledge, Mn CREi^L'sChymical Journal ^, which 
at firft fight feems contrary to one of the above determinations ; 
it is there faid, that if folutions of one part allum and two 
parts common fait be mixed together, evaporated to a certain 
degree, and fet to cryftallize, a glauber^s fait wiil be found;. 
yet in this cafe the fum of the quiefcent affinities is 23-^, and 
that of the divellent but 223. I repeated this experiment: 
without fuccefs^ and indeed the author owns it never fucceeds 
but during the mofi: intenfe cold. 

If it does fucceed at all, the decompofition mufi: arife from a 
large excefs of acid in the allum, which aded upon, and de- 

compofed 
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eompofed the common fait ; and this explanation Is confirmed 
by the fmall proportion of Glauber's fait, which is faid to be 
obtained by this procefs ; for from 30 lbs. of common fait and 
16 lbs, of allum only, 15 lbs. of Glauber's fait were pro- 
duced ; whereas^ If the whole of the allum were decompofed, 
there fiiould be formed, according to my computation of the 
proportion of acid In different falts, 29! lbs., and, according 
to Mr. Bergman's, 22 lbs. of gl /ruber's fait. 

Befides thefe powers there exifts another which neutral falts 
poliefs, of uniting to certain fubjftances, without fufFerIng any, 
or but a very fmall, decompolit ion ; and thus forming /r/^/^ 
falts, and fometlmes quadruple. This often caufes anomalies, 
and has not as yet been fufficlently inveftlgated ^. Volatile 
alkalies In particular poffefs this power ; and hence, perhaps, 
arlfes the difference between Mr. Bergman's table and mine, 
with regard to them and magnefia ; for though, when perfectly 
cauftic, they do not perfeftly precipitate magnefia from Epfom 
fait. It Is becaufe they combine with this fait and form a triple 
fait. 

According to my table, the three mineral acids have the 
fame affinity to vegetable fixed alkalies, which will undoubtedly 
appear extraordinary to many, as it Is well known, that the 
vitriolic acid decompofes both nitre and fait of fylvlus ; but It 
ihould be remarked, that tartar vltriolate Is alfo decompofed by 
the nitrous and marine acids, as Mr, baume, margraaf, 
and BERGMAN, have found ; and nitre Is decompofed by the 
marine acid, as Mr. cornette has Ihewn at large In the Me- 
iTioirs of Paris for 1778; and not only thefe falts, but alfo 
Glauber's fait and vitriolic ammoniac, are decompofed by the 

^ In my next paper I fliali examine fome exceptions arlfing from this fource. 

G z nitrous 
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nitrons acid; and alfo thefe falts, together with cubic nitre. 
and nitrous ammoniac, are dccompofed by the marine acid^ as 
Mr. BERGMAN and Mr. cornette have remarked :... all which 
IheWj, that thefe decompofitions are the cffeft of a. double affinity^ 
; or at leaft of compound forces. I always, fufpefted. thej arofe 
from: the different capacities of thefe acids for elementaiy fire ;. 
but as the fubje6: appeai'ed to me of importance^ for greater 
certainty I made a feries of experiments which differ from, 
thofe hitherto made ia feveral refpeds, particularly in this, 
that no heat was applied,, and the decompofitions were difcof 
vered, not by cryftallization, but by tefts. 

Firjfl,. I procured equal weights of each of the mineral acids^s 
containing each the fame quantity of real acid ;. and throwing, 
each fuddenly on an ounce of the fame oil of tartar,, I had the. 
follo\¥ing refults, the temperature of all, before mixture,, being. 
68"^ of FAHRENHEIT, loo grs. of vitriolic acid, containing^ 
26,6 grs. of real acid projefted on 480 of oil of tartar, raifed, 
the thermometer to ijS^^ 

100 grs. of fpirlt of nitre, which alfo contained 26,6 grs.. 
real acid, projefted in the fame manner on 480 grs. of the 
fame oil of tartar, produced a heat of 120°. 

100 grs. of fpiritof fait, whofe fpecific gravity was 1,220,. 
and which contained 26,6 grs. of real acid, proje£led on the 
above quantity of the fame oil of tartar, raifed the thermo'* 
meter from 6.9 to 129^ 

Hence it follows, that the vitriolic acid contains more fpeci-- 
fie fire, or at leaft gives out more on uniting to fixed alkalies,^ 
than either the nitrous or marine;, and, therefore, when the 
vitriolic acid comes in contact with either nitre or fait of fyl- 
vius, its fire paffes into thefe acids, which are thereby rarefied 
to a great degree^ and are thus e:xpelled from their alkaline 

bafis. 
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lalis^ wliicH is then feized on by the vitriolic. This explana- 
tion is confirmed bj the following experiments. 

Into 400 grs. of fpirit of vitriol, whofe fpecific gravity was> 
1^3625 I pnt 60 grs. of nitre. The thermometer fell from 68 
to 605 and during this time the nitrous acid was not expelled, 
for I put in fome filings of copper, and they were not in the 
leaft a£l:ed upon ; but in five minutes after, they vifibly efFer- 
vefced, which fhews that the nitrous acid began to be expelled* 

Again, to 400 grs of oil, of vitriol, tvhofe fpecific gravity was 
1^,870, 1 put 60 grs. of nitre : the thermometer immediately rofe 
from 68 to loj"", and the nitrous acid was expelled in the form? 
of a vifible fume. Thefe experiments prove, firft, that neutral" 
falts are not decompofed, by mere folution, in an acid different 
from that which they poflefs. adly, That the nitrous acid, 
being converted into vapour, had imbibed a large quantity of 
fire. But as the vitriolic, in both thefe experiments, was in 
much larger quantity than was neceflary to fatu rate the alka- 
line bafis of the nitre, I put 60 grs. of nitre into 64 of the 
above fpirit of vitriol, which contained the fame quantity of 
real vitriolic acid as the 60 grs. of nitre did of the nitrous, and; 
added 40 grs. of water, and alfo a few grains of filings of cop- 
per. In lefs than two hours the copper was afted upon, and 
conf^uently the nitrous acid was expelled. 

Again to about 40G1 grs. of oil of vitriol, whofe fpecific gra- 
vity was 1,870, I put 100 grs. of common fait ; it immediately 
effervefced, and gave out the marine acid in the form of a white 
vapour. A thermometer held in the liquor rofe but4''; but< 
when placed in the froth it rofe to 10°, and fell again on being 
put into the liquor : whence it follows, that the vitriolic acid 
gave out its fire to the marine, and that this latter received 

more^ 
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more than it could abforb e¥eii in the ftate of vapour^ an! 
ilience Gommuoicated heat to the contiguous liquor. 

From thefe experiments it is evident, that the nitrous and 

marine acids receive fire from the vitriolic, and are thrown into 

a vapourous ftate, or at leaft fo much rarefied as to be expelled 

from their alkaline bafis, notwithflanding that their affinity to 

ithat bafis may be equally Urong with that of the vitriolic. 

I next proceeded to examine how tartar vitriolate and Glau- 
ber's fait are decompofed by the nitrous acid. Into 400 grs. 
of fpirit of nitre, whofe fpecific gravity was 15355, and which 
contained about 105 grs. of real acid, I put 60 of pulverifed 
tartar vitriolate. The thermometer, which flood at 68% was 
not in the leaft affefted by ftandingin this mixture, and there 
was Icarceany fign of folution. To try whether the vitriolic 
acid was difengaged, I threw into the liquor a few grains of 
powdered regulus of antimony: in 24 hours the vitriolic acid 
w^as in part difengaged, for the regulus was aded upon, and 
the liquor became greeniili. This femi-metal being foluble in a 
mixture of the vitriolic and nitrous acids, but in neither fingly^ 
"however, a great part of the tartar vitriolate ftill remained un- 
diilblved. Afterwards I put the fame quantity of tartar vitri- 
olate into 400 grs. of fpirit of nitre, whofe fpecific gravity was 
1,478 ; the thermometer rofe from 67 to yr/^ the tartar vitri- 
olate was quickly diffolved, and the regulus of antimony 
fhewed the vitriolic acid was difengaged* 

Hence it follows, that in the laft experiment the nitrous acid 
having the fame affinity to the alkaline bafis as the vitriolic, but 
•giving out, during the folution, more fire than was neceflary 
ito perform the folution, the vitriolic receiving thi§ fire was dif- 
engaged ; for as it cannot unite to alkalies without giving out 
•fire, :fo when it receives back that fire it muft quit them. The 

reafoB 
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reafon why the nitrous acid, which fpecifically contains lefs 
fire than the vitriolic, gives out fo much, is, that its quantity 
in both thefe experiments is far greater than that of the vitri- 
olic, it being in the firfl as 105 to 17; and in the fecond as 
158 to 17. 

For this reafon, to 60 grs. of fpirlt of nitre, whofe fpeclfic 
gravity was 1,355, I added 1000 grs. of water, and into this 
dilute acid I put 60 grs, of tartar vitriolate, which contained? 
exadiy the fame quantity of acid as the 60 grs, of fpirit of 
nitre. After eight days the tartar vitriolate was almoftintlrely 
dlffolved, yet I could perceive no fign of its decompofitlon, 
and after evaporation no nitre was found. Hence I conclude,, 
that the nitrous acid can never decompofe tartar vitriolate 
without the affiftance of heat, but when its quantity is fo 
great that it contains confiderably more fire, and by the ail of 
folution is determined to give out this fire. The decompofitlon 
of Glauber's fait and vitriolic ammon. (neither of v/hich, as 
Mr. BERGMAN obferved, is ever total) may be explained in the 
fame manner ; whereas the vitriolic, ever fo dilute, decom-- 
pofes both nitre and nitrous ammoniac totally. Tartar vitriolate 
is alfo decompofed by the marine acid, though very flowly, for 
the fame reafon, and in the farne circumflances, as it is decom^ 
pofed by the nitrous acid, as appears by the following experi- 
ments. Into 400 grs« of fpirlt of fait, whofe fpeclfic gravity 
w^as 1,220,- I put 60 grs. of tartar vitriolate. The thermo- 
meter was not in the leaft affedled, and the fiilt diflblved very 
flowly. To try, whether the vitriolic acid was dlfengaged, I 
added fome pul verified bifmuth ; in twelve hours part of the 
bifmuth was dlffolved, and could not be precipitated by 
the affufion of water, a fign that it was held in folution 
By the compound acid, which alone hath the property of 
5.: preventing : 
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preventing its precipitation by the affufion of water, as Mr,, 
WENEEL has difcovered. Here the quantity of marine acid was 
much greater than that of the vitriolic, and confequently it 
contained more fire ; but this circumftance alone is not fufficient, 
iit muft befides be determined to give out that fire by the ad of 
foiution. This appears by the experiments of Mr» corfette ; 
for when he mixed half an ounce of tartar vitriolate, prevmujly 
dHjohedm water with two ounces of fpirit of fait, the tartar 
vitriolate was not decompofed, Memoirs, Paris, 1778, p. 49. ; 
for it being already diffolved, no cold or heat was generated by 
mixing it with the fpirit of fait, and confequently the latter did 
not give out any fire. Mr. coinette alfo obferved, that Glau- 
ber's fait is eafier decompofed by the marine acid than tartar 
vitriolate ; this I have alfo experienced, and the reafon is, firft, 
becaufe glauber^s fait is more eafily fbiuble in fpirit of fait 
than tartar vitriolate ; and, fecondly, becaufe its alkaline bafis 
takes up a greater quantity of the real marine acid than of the 
vitriolic, whereas the bafis of tartar vitriolate takes up an equal 
quantity of hoth acids; confequently the marine gives out 
more fire in uniting to the bafis of gf^auber's fait than on 
tmitiog to that of tartar vitriolate. 

Vitriolic ammoniac- is alfo^ decompofed by the marine acid 
for the fame reafon; but in ail thefe cafes the quantity of the 
marine acid -mail much exceed that -of the vitriolic, or no de- 
x^om-polition v/ili take place. The decompofition of nitro- 
neutral falts by the -marine acid depends on the fame principles,, 
Mr. CORNETTE fouud, that cubic nitre was more eafily decom- 
pofed than prifmatic nitre, and accordingly, during the folu- 
tion of prifmatic nitre, only f" <^f cold were produced ; but^ 
■during that of cubic nitre, the thermometer fell 6°, a figa 
that the fpirit of fait gave out more fire 'in the latter cafe than 

m 
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in tbcj ferniei*, and: ita qiiantiw xxmiki always be greater thaia 
ttet of ti^e nitt-Q^us acid c:@iiXaine4 lu th taiperal alkaline Hatis^ 
l^caufe this bafis requires for its iaturation more of the marine 
than of the nitrous aeid. as we; have already feen, 

YeEthe nitrous acidii in it:srturji,.deconip fait of iylvius 
and common (alt, as Mr. margraf has fhewn ; but it moft 
always be in greater quantity tlaan the npiariiie, in order to con- 
tjain a fufficient quaiitityv^of fir^ fqr that ef&flt. To 400 grs. of 
Golqiiiiieis ,;|^irit/ c^|;nitrf|v,^i9l5b -^%^ i ,47^5 , 1 

|).U|t: ^o : grs. :j.9f^^ conji^ion y.fell:^..if:,.,quick% r efleryeiced and grew 
red j yet the jtherm^mei-er xple .})u t ^"^5 ,a, fign that the maritje 
acid had abforbed the greater part of the fire which the riitrous 
had given out^ai^d jw^is trh^s expe^ befides, in this cafe, 

the fbperior affinity of the nitrous acid to ,the mineral bafis 
haftened the dgcompoii^ipn ; gnd f^f^n^e tjhe 4pcompp|itiIon hap- 
pens without iblution 55 wh§r(?p,s the ,p^r acid does not de- 
compofe, cubic nitre nntil it ^has diflpked it, ^hich is worthy 
of notice. Thi§ tnutual expulfipii of Irhe nitrous and marine 
^cids by each othqr is thq ^ true reafbn why ^ua regia may ho 
made, a^iwell)by adding nitre or nitrous ammoniac to jl|)iritpf 
fait, as by adding common ialt pr fal ammoniac to Ipirit of 
nitre, as Mr. cornet te has well remarked. 

Seienitfe is decompoied neither by the nltiTdns nor by the 
marine acids, as Meji£ ohabtal and coRNErrxE have obferved. 
The reafou is evident on the above principles ; 1 1 is diflb|yed by 
neither without the afllftance of heat, and then the folutioii is 
performed hjz foreign heat, and not by that which theie acids 
give out when they a£l withoutthe affiftance rf heat. 

Laftly, whenever a vitridlico-neutral iMt, decompoled by 
either the nitrous or marine acid. Is evaporated to a certain 
degree, the vitriolic expels thefe acids an its turn ; for the free 
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part of the former acids being ejcpellecl by the heat of evapora- 
tion, the neutral falts begin to cryftallize, and confequently 
give out heat ; but the vitriolic being then in greater proportion 
re-a£l:s on thefe falts, rcftores their fpecific fire to their acid 
priiiclple, apd recbmbines with their alkaline balls, as already 
explained. 

Hence, though allum is in reality decompofed by the nitrous 
and marine acids, yet when the foiution of it in either of thele 
acids is evaporated to a certain degree, the vitrioli0 acid, of 
which it contahis a larger proportion than any other terrene 
fait, re-a£ts on the nitrous and hiarine allumi, and expels their 
acids, asMr.cHAPTAL has fhe%vn. 

In explaining thefe phenomena I have all along fuppofed the 
doctrine of Dr, blacc to be well koovvn, 'viz. that Iblids' ab- 
fbrb heat during their lolutiotl. 'Both the heat and cold, • pro- 
duced in different foliitions, feem to nie to depend on tlie fame 
principle. If the menftruum gives out only^ muchof its fire 
as the fol^end can abforb, or ie/s, then cold is produced ; but if 
it gives out more of its fpecific fire than the folvend can abforb, 
this furplus becomes fen iible, and affcfts the thermometer by 
producing heat in proportion to its quantity. 

Of fh affinity of the mimrai acids to metallii fubjiances. 

Having thus, in every inftance, eftablilhed the agreement 
betwixt the quantity of any alkaline or terrene bafis, taken up 
at the point of faturation by a given weigbt of any of the 
three mineral acids, and the quantity of affinity which each of 
thefe acids bears to fuch bafis,. I naturally extended my views 
to metallic fubftances, to try whether this coincidence could be 
traced with regard to them alfo; but the difficulties that oc- 
curred in this inquiry were fo great, that the fame degree of 
certainty mufl: not be expe€led as in the foregoj^ng part. 

Metallic 
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Metallic fubftaiices, when freeft from all foreign mixture, 
are obtained either in a reguline flate, or in that of a calx. 
Thefe calces, if formed by .fire, are conflantly combined with 
more or lefs of the aerial acid, which is very difficultly ex- 
tradled from them, and very foon re-abforbed ; and if formed 
by folution, they as conflantly retain a portion of their folvent 
or precipitant, fo that the precife weight of the really metallic 
part is difficultly afcertained. But though this ffiould eafily be 
efFe6led, ftill they would for the moft part be unfit for my 
purpofe ; becaufe moll: of them, when much dephlogifticated, 
are infoluble in fome or all the acids : hence I chofe metals in 
their metallic flate for the fubje6l of my experiments. Thefe 
confiil: of fpecifically different earths and phlogifton, and of 
this they muft lofe a part before they can be diffolved in acids ; 
but, befides that which efcapes in an aerial form, much more 
of it, though feparated from the metallic earth, is yet retained 
in the folution by the compound of acid and calx. It is thivS 
calx, thus differently dephlogifticated by the different acids, 
whofe proportion I endeavoured to afcertain. 

The great difficulty that occurred in this inquiry was, that 
of finding the exa£t quantity of acid neceffary to faturate the 
metallic fubftances ; for all metallic folutions turn folution of 
litmus red, and confequently contain an excefs of acid. And 
the reafon is, becaufe the falts, formed by a due proportion of 
metallic calx and acid, are nearly infoluble in liquids that do 
not contain a further quantity of acid ; and in fome cafes this 
quantity, and even its proportion to the aqueous part oj the liquor^ 
mull: be very confiderable, as in folutions of bifmuth. Hence 
I 111 vain endeavoured, by cauftic alkalies and lime-water, to 
deprive thefe folutions of this excefs ; for when deprived even 
of onlj part of it, many of the metals precipitated, and all 

H 2 would^ 
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would, if deprived of the whole of it. On this account I was 
obliged to ufe different methods, of which I flvall here give an 
inftance. With regard to the folution of (ilvcr in the nitrous 
acid, as it could be had extremelv faturate I beean with it. 
657 grs. of this folution contained, according to rny calcula- 
tion, and allowing for the quantity of acid carried off in the 
nitrous air,. 31,3 > grs. of real acid, and 100 grs. of lilver. Of 
this folution I found that p grs, gave a vifible red tint to as 
much of a dilute folution of litmus, as a quantity of fpirit of 
nitre, which contained -,-Vths of a grain of real acid, and 
therefore I judged thefe 9 grs. to contain an cxcefs of acid, 
amounting to ^'-^xh^ of a grain ; and if 9 grs. contain fuch an 
excefs, then the whole folution muft have contained an excefs 
amounting to 5^^-^ths of a grain, deducing which from 31,38, 
we find the quantity of acid fiturated by 100 grs. of filver to 
be 25,78 grs. In this manner I proceeded with fnoft other 
metallic folutions. The vitriolic folutions of tin, wifmuth, 
regulus of antimony, nickel, and regulus of arfenic, contain- 
ing a large excefs of acid, I fatu rated part of it with cauftic 
volatile alkali before I tried them with the infufion of litmus, 
and I ufed the fame expedient with the nitrous folution of iron, 
lead, tin, and regulus of antimony, and all the marine folu- 
tions. The proportion of vitriolic and marine acid taken up by 
lead, filver, and mercury, I determined by computing the 
quantity of real acid neceffary to precipitate thefe metals from 
their. folutions in the nitrous acid; and of all the determina- 
tions thefe appeared to me to be the moft exadl. However, as 
^all the vitriols of thefe metals are, though in a flight degree, 
foluble in the nitrous acid, I was obliged to redify the refult 
from ether coniiderations, and the fame neceflity occurred with 
aeegard to the marine falts of lead and mercury. 

The 
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The refiilt of thefe experiments was, that 100 grs. of each 
of thefe acids take up^ at the pdiiit of faturation of each me-^ 
talilc fubftaiice, dephlogifticated to fuch a degree asis neceflarjr 
for its fblution in each acid^ the quantities exprefifed in the fol- 
lowing table, whicii denote their degree of affinity to each 
itjetal • 



of tBe (^ntty (>f the three mineral acidt to met alUc 

(ubjiances. . 



100 grs. 


Iron. 


Cop- 
per. 


Tin. 


Lead. 


Silver 


Mer- 
cury, 


Ziuc. 
318 


Wif- 
miuh. 


nickel 

320"^ 


Co- 
balt. 


•-> 

antimo. 


Reg. ot 1 
arfenic. | 


Vitripiic acid 


276 


260 


138 

'■■. 


412 


390 


43^ 


250 


360 

350 
370 


;-200.' 


260 


Nitrous acici' 


^SS' 


255 


i'20: 


365 


375 


416 


304 


290 


300 


194 


220 


Marine acid _ 


26s, 


265 




400 


420. 


438 


312 


250 
3^0 


275 
3^0 


198 


290 1 



Yet r cannot lay that thefe nnmhers are pr^eci/ely fueh a^ I 
Gould extradfrommy ohfervations on the c6idur of the folution 
of litmus; for thefe indications are fo precarious that! did iitft 
ablbluteiy cof^fide m them, hut adjufted the nujrnbers^ as II 
thought other phenomena^requircd./ However, the ddyiati(3n:§ 
were not fo cDnfiderable as to induce a doubt that metallic eartliB 
had not almoft all a ftronger affinity to the three acids thaii 
aven fixed alkalies* NeverthelefSj the commoii Itables^ whidH 
poftpone metallife fbhftances to all others, , are in reality juft i. 
theyonly require a different. denotiiinatioii,being in fail tallies 
of predpftation Xc\X\mt than of : a^nity^ z^^^Bt ns they^relate t6 
metallic fubftanees,expreffing by their ^r^^r, what metalliQ 
fubftaoces precipitate others from the different acids. But thefe 
precipitations are conflantly the. refult of a double affinity and 



aecompoiitiOB-.^- 
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deconipofition, th^ preclptaimg metal yielding its phlogifton to 
thQ precipiiaied mxitBl^ while the precipitated metal yields its 
acid to the pricipiiamt. "Mor has this efcaped the i^^gacity of 
Mr. BERGMaN, 3 N. A£l:. Upf. 2.05.. who has even confirmed 
it by experiments which I have repeated^ and found exa£t. 
Thus, though copper, in its metallic form, precipitates filver 
and mercury from the nitrous acid with great eafe, yet the calx 
orcopper wrli preeipitate neither. The fuperior affinity of 
acids to metallic earths, in preference to alkalies and unmetalUc 
earths, requiring further proof, I fliall here demon firate it in a 
few inftances, with regard even to thofe metals which are com- 
monly thought to have the leaft affinity td acids. And, firft, 
that the nitrous acid has a ftronger affinity to filver than to fixed' 
alkalies, appears by a curious experiment of Mr. monnet^'s 
(Diflblution des Metaux, p. i59.)* If a folution of filver in 
nitrous acid be poured into a mixed iblutionj of fixed alkali and 
common fait, the filver will be precipitated by the marine acid 
o£ the common fait, and not by the free alkali contained in the 
liquor, for ziuna cornua is found. Now if the nitrous acid had 
a greateraffinity to the free alkali than to the filver, it is evi- 
dent, that the decompofition would he wrought by the free 
alkali, and then the filver would be precipitated pure, and not 
in the Hate of horn filver ; but as it is precipitated in the ftate 
of horn filver, it is plain, its precipitation was not efFe£ted by a 
fingle but by a double affinity. From whence it alfo follows, 
that the marine acid has a greater affinity to filver than the 
nitrous has to fixed alkalies. I repeated this experiment with a 
folution of lead and alfo of mercury in the nitrous acid, and 
the refult was fimilar, horn lead and marine fait of mercury 
:l>.eing farmed.. 

With 
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With regard to )3iercury,^t^^ of Mr, ba^en 

are well kuawn r he has; Ihewn that vitr lead and fub^ 

corroiive can be depmved of nomore than half <# their aeid 
even by cauftic fixed alkalies^ 3 Roz; 293. 

Again as to lead, il" perfe€lly dry corntnon fait be pro- 
je£ted on Ifead heated to incandefcenee, the common lalt: will 
be decornpofed, and horn^ lead fbrme^^^^^ 1 MAim^Ai?. 35 and 
jSv Nor can this-be attributed to the volatiliz;ation o£ the acidi 
by heat i for the alkali is as^ fixed as the lead^ and muft there- 
fore be caefed fey the greater afEnity of the caljt of lead ^ to 
whichvtwhen dbphlogifticated^ the acid can unite; Mr. scheele 
informsns, that if a folntion of Gonimon^M digefted witii^ 
litharge,, the common fiilt will be decompoied,. and a^cauftic 
alkali prodnGed^scHSEi^E/ on Fire, p* ijS* He alfo decora-^ 
pofes coikmon ialt by firaply letting its Ipkition flowly pafs 
through ^a funnel filled with powdered litharge. ^ Mr. tur- 
ner daily decomposes common lalt by means of litharge. Mr.« 
scheele: alfo decomposes marine folenite, by means of litharge^^ 
through fiiBple mixture, without the afiiftanc^ of heat, and^ 
the calcareous earth is feparated in a cauftic; ftate ; which ihewa: 
that this fait is deeompofed by the fing|e foperior affinity of 
the metallic calx to the marine acid, scheele on Fire, p. 174* 

That acids haw lefs affinity to vol atUe alkalies than to feve-T 
mi metallic fubftanceS' appears in fo iidry inftaiices,. Horn; filv^r. 
is foluble in volatile alkalies^ as is well known.; nNow,, if this^ 
folutibn be triturated with four times its weight of mercury^. 
the marine acid will combine with the mercury, andnot with.. 
the. • volatile alka li ;.; for a meramus: dulcis^i and . npt- a fal ammo- 
niac, wEl be formed, as Mr^ margk,^f has, fhe^i^f, i ^BfTA^a ^. 
% 86* If two parts ial ammoniac andr one , of filings, o£ iroa bft. 

triturated.- 
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triturated together, the feell of the ?rt)latileail4li wi 
diately he perceived * ; or if, inftead of iron, mimiiro, ot diapho- 
retic antimony, or zIiiCj be u fed, that fmell is perceived as 
-foon as thej-aremixedj.p Mem^. Scav. Etrang. .^-p.. 5.75. :MO.N-NErr, 
DiC Met. 209, But it Will naturally be t&ed, how then it 
happens, that alF meta?llic Iblutioris are precipitated by .alkalies 
and earths ? The anfwer is eafy ; all metaliiG falts are held in 
folutioa byanexcefs of acid. If alkalies and earths did nothing 
more than abforb this excefs of acid, a precipitation ought 
to take place; but they do ftillm^ up the 

greater part even of the proportion of acid neceHary to fat urate 
the metallic earth, and this they are enabled to do by means of 
a double affinity ; for during the folution of metals, only a 
comparatively fmall part of the phlogiftoii efcapes out of the 
fdlution, the remainder is retained by the compound of acid 
and calx : when, therefore, an alkali or earth is added to fuch 
a Solution, the phlogifton quits the acid, and re-combines with 
the calx, while the greater part of the acid unites to the preci- 
pitant^ Notwithftanding this great affinity of metallic earths 
to acids, falts, whofe bafis is a fixed alkali or earth, are in fhw 
inftances decompofed by metals or their calces, by reafon of 
the inability of the acids while combined with thefe bafis, and 
thereby deprived of a great part of their fpecific fire, to volati- 
lize the phlogifton combined w4th the metallic earths, which 
muft necellarily be expelled before an acid can combine with 
them. And asto metallic calces, they are generally combined 
with fixed air, which alfo muft be in part expelled. 

But ammoniacal falls, containing much more fire (for they 
abforb fire during their formation) for that reafon ad much 
more powerfully on metals. Allowing then the affinity of the 

* MOH HE t, Diflbl. Met. 7 1 ♦ 

^ mineral 
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miineral acids to metallic fubftances to be as above, all double 
decompofition in which only falts, containing thefe acids united 
to alkaline terrene or metallic bafes, are concerned, admit of 
an eafy explanation ; nay, 1 am bold to fay, they cannot other- 
wife be explained. Thus if a folution of tartar vitriolate, and 
of iilver in the nitrous acid, be mixed in proper proportions 
(which is always to be underftood)^ nitre and vitriol of filver 
will be formed, and this latter for the moll part precipitated* 



Qmefcent affinities* 

Nitrous acid to filFer - 375 

Vitriolic acid to vegetable alkali 215 



Sum of the qiiiefcent 



590 



Divellent affinities. 

Nitrous acid to vegetable alkali 215 

Vitriolic acid to filver 390 

i— 

Sum of tbe diveltent powers 6oj 



So alfo if, inftead of a folution of tartar vitriolate, that of 
i>LAUBEE*s fait, or of vitriolic-ammoniac, or felenite, Epfom, 
or allum, be ufed ; for in all thefe cafes the balaiM:e is con- 
ftantly in favour of the divellent powers, yet the folutions of 
felenite and allnm produce but a flight precipitation. 

I alfo found, that the folution of filver is precipitated by the 
vitriolic folutions of iron, copper, tin, and probably by many 
other vitriolic folutions, if for no other reafon at leaft for this^ 
that they conftantly contain an excefs of acid ; but if a fatu- 
rate folution of filver be mixed with a very faturate folution of 
lead or mercury in the vitriolic acid, the filver will not be pre- 
cipitated, as I have obferved ; and in both cafes the balance is 
in favour of the quiefcent affinities. 

The nitrous folution of filver is alfo decompofed, and the 
€lver precipitated by all marim neutral falts, whether the bafis 
be alkaline, terrene, or metallic, as I have expe^rienced, and 

•Vol.. LXXIIL ' I thefe 



c5 Mr\ KiRWAK^s Experiments and Obfervations on 






thefe clecoiTipofitions are coiiftantly indicated by the balance of 
affinities exhibited as above^ 

In the fame manner iilver is precipitated from the vitriolic acid^ 
by marino neutral laltSy whether their ba^is be alkaline, terrene^; 
or metatiic, as I have found on trial, and as the balance of 
affinities requires,. 

The nitrous folution of lead is alfo decompofed, and the 
lead for the moft part precipitated (unlefs the folution be very 
dilute) in the form of vitriol of lead hf^Yi^Q vitriolic o neutral 
falts ; and alfo by all the marino neutral falts, except marine 
f^lt of iilver J whicfei only precipitates it by virtue of its excels. 



of acid. ■ 



The marine folution of lead is decompofed by all viiriollco 
neutral falts^. except felenite and vitriol of nickelj v^hich can 
only precipitate it by virtue of an excefs of acid. 

The nitrous folution of mercury is alfo decompofed, and the 
mercury for the moil: precipitated in the form of vitriol of 
mm'cury by all vitriolic neutral falts,. except vitriol of lead^. 
which can only decompofe it by ao excefe of acid*. 

Nitrous iblution of mercury is alio deeompoied by marina 
liieutrai falts, except th© marine fait of filvcr and lead, v/hicb 
can only afFe6l it by an. excefs of acid. 

Vitriol of mercury is alfo decompofed by marino neutral: 
falts, which decompofition is alfo apparent by expoiing the an- 
tagonift powers ; yet a precipitation does not always appear as I 
have remarked^ particularly when marine allum is ufed, which 
I attribute to the facility with which a fmall quantity of the 
Biarine fait of mercury is foluble in an excefs of acid. Marine 
fait of fiver decompofes vitriol of mercury, only through its- 
xcefs of acid. 
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Hence we fee why horn filver can never be reduced by fixed 
alkalies without lofs, as Mn margraaf has iliewn, i margr. 
277. ; nor could it be decompofed at all, but that the adioa 
of heat helps that of the alkali. 

If to a folution of fubllmate corrofive oil of vitriol be added, 
a precipitation will appear; but, as Mr. Bergman well 
remai*ks, this does not proceed from a decompoiition, but from 
a fubftradion of the water neceffary to keep the fubiimate 
diffolved. 

If to a iblution of vitriol of iron fbme nitrous acid be added^ 
it immediately becomes turbid, becaufe the nitrous acid dephlo« 
gifticates the calx of iron too much, but the addition of more 
acid reftdres the tranfparency, as the dephlogifticated calx is 
ftill foluble by a greater quantity of acid. I omit a number of 
other curious phenomena, which are explicable on thefe prin- 
ciples. 

I have affigned in the foregoing table two different affinities 
to the vitriolic acid with regard to wifmuth, and alfo to the 
marine acid with regard to riidkel and wifrriuth. The firfl: 
€hews that whieh thefe acids bear to thofe metals, whende- 
phldgifticated only by folution in thofe acids. The fecond 
number, that which the acids bear to them when more dephlo- 
giflicated, as they are, when diffolved in the nitrous acid. On 
the other handy all the acids have lefs affinity to the calces of 
iron, zinc, tin, and antimony, when they are dephlogifticated 
to a certain degree; but as I could give no criterion of this 
dephlogiftieation, I did not attenipt to indicate the diminution 
it caufes in the affinities of acids. 



1.% Of 
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Of the precipitation of met ah By each other from the mineraf 

acids^ 

I am now come to the laft point of my inquiry, and the 
Mio9c difficult to be fet forth with that degree of preciiion whicb 
I have been enabled to attain in the former parts ;, for, in the 
firft place, it is neceffary to find the quantity of phlogifton in 
each of them^ not cnly in general, but according to tlieir 
various degrees of dephlogiftication by each of the acids. la 
ihis l^ft partiGular I cannot alfert that 1 have attained any thing 
like a certainty, yet I hope what I advance may not be ufelefs 
tochymical readers, as it i^ not altogether groundlefs, as it con« 
tradiifts no chymieal faft, but, on the contrary, is agreeable 
to many, and affords a ready folution of all the phenomena.. 

Of the atfoluie quantity of phlogifion in metals^. 

The proportion of phlogifton in metallic fubftances rela? 
lively to each other has been inveftigated in fo mafterly a maiir 
ner by Mr. BEKGMAN, that I lay it down as the ground of my 
inquiries* After his difcovery all that remained was to find the 
abfolute quantity of it in any one metal,, for theni. by an ealy 
cafculation, it may be determined in all the reft*. The fubr 
fiance I chofe for this purpofe was regulus of arfenic, as being: 
moft capable of dephlogiftication by nitrous acid,, though, 
not altogether fo»,^ 

From I GO grs.. of regulus of arfenic, diffolved in dilute 
nitrous acid, as already feen,, 10% cubic inches of nitrous air 
and -J-^ths are obtained, barometer at 30'', thermometer at (so^. 
I mufl: add, that I made the experiment on 5 grs. only,, lb that^ 
the calculation, relates only to the quantity of air which 100 
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gts.jhould give* I repeated the experiment three times with 
the fame fuccefs. I attempted getting more air from the refi- 
duum left by a gentle evaporation, but though frelh fpirit of 
nitre grew red with it, the quantity of air was quite inconfi-^ 
derable. 

Now this quantity of nitrous air contains 6,86 grs. of phlo- 
giftony according to th^ calculation to be {ttu in my former 
paper f and hence I conclude, that loo grs, of regulus of arfe- 
nic contains 6,86 grs. of phlogifton^* This regulus was made 
by Mr, wolfe, and perfectly bright* 

Hence the relative proportion of phlogifton in metals beings,,. 
as found by Mr, bergman, and let forth in the firfl: columm 
of the following table, the abfolute quantity will be as fliewif 
in the fecond column* 

Relktive quantity of plilogitlon^ Abfolute quantitye 

100 grs* Gold - - 394 - - 24,82. 

Copper • 312 " - ^^'>(>S 

Cobalt -» 270 --^ «- J 7,0 1 

Iron - 233^ - - 14,67 

Zinc • 182 - - 11,46 

Nickel - 156 - -^ 9,82 

Regulus of antimony 120 - - ^-tS^ 

Tin - - 114 - - 7,18 

Regulus of arfenic 109 ^ - 6,86 

Silver - - loa - «* 6,30^ 

Mercury - 74 - - 4? 5^ 

Wifmuth - 57 ^- - 3^59' 

L»ead - - 43 - - 2,70 

This point being, as I conceived, of fome importance, I e!i^ 
ieavmired to afcertain itilill further by other experiments : and^^ 
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as filler lofes a certain quantity of phlogifloo, which efcapes 
and feparates from it during its folution in nitrons acid, I con- 
ceivedj that if the folution was expofed to nothing from which 
it coold re-obtain phlogifton, and thus diftilled to drynefs, and 
intirely feparated from the acid, as much iilver fliould remain 
unreduced as correfponded with the quantity of phlogifton loft by 
it. And if this quantity of phlogifton correfponded with that 
affigned to fUver in the foregoing table, that then this table was 
juft. 

For this purpofe I diflblved 120 grs. of clean filings of 
ftandard filver in dilute dephlogifticated nitrous acid, and 
obtained from it 24 cubic inches of nitrous air. This 
folution I gently evaporated to drynefs ; by the evaporation I 
found a little of the filver volatilized, but not more than a 
quarter of a grain. I then diftilled the dry refiduum, and kept 
it an hour in almoft a white heat in a coated green giafs retort. 
During the diftillation abundance of the nitrous acid paffed off, 
a green and white fublimate arofe in the neck of the retort, 
and fome palled even into the receiver. When all was cold 
I broke the retort, the infide of which was penetrated 
into its very fubftance with a yellow and red tinge, and partly 
covered over with an exceeding fine filver powder, which 
could fcarcely be fcraped o£ The remainder of the filver was 
perfe£tly white and free from acid, but not melted into a but- 
ton, and when colle£led weighed 94 grs. ; therefore 26 grs. 
%¥erc loft, that is, were fublimed or vitrified ; but of thefe 26 
grs. 9 grs. were copper (for i€)0 grs. ftandard filver contain 7I 
of copper) ; therefore, only 17 grs. of pure filver remained un- 
reduced, being either volatilized or vitrified. The whole quan- 
tity of pure filver in 120 grs. of ftandard filver amounts to 1 1 1 
grs.; then if iii grs. of pure filver Me 17 by reafon of its 

Jofs 
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lofs of plilogifloiij loo grs. of pure lilver Ihould lofe 15,3 ; 

and by the above table 15,3 gts. of filver rtiould contain 
05945 of a grain of phlogifton. Let ms now fee wbetber this 
quantity of phlogifton correfponds with that which loo grs, of 
ptirefilver really lofe by folution in nitrous acid 100 grs. of 
pure filver afForclj as already faid^ 14 cubic inches of nitrous 
air, which^ by my computation^ contain 0,938 of a grain of 
phlogifton, which differs from 0,945 onlj by ^^Vs- "The un- 
reduced part of the filver was 15,3 grs. ; and^ by calculating 
what it Ihould be by reafon of the lofs of the phlogifton con- 
tained In the nitrous air^ it would amount to 14 and ^^^.ths of a 
grain, a difference certainly immateriaL 

In this experiment, only as much of the ftlver fublimed as^ 
could not regain phlogifton ; the remainder regained it from^ 
the nitrous air abforbed by the folution, and alfo from that 
which remained united to the acid and calx. If this were not 
lb, 1 do not fee why the whole of the fdver would not fublime.^ 

Again : Dr. friestliy having feveral times diflblved mer- 
cury in the nitrous acid, and revivified it by diftilling over that 
acid, conftantly found a confiderable proportion of it unre- 
duced, T# try whether that proportion correfponded with my 
calculation,. I have examined the experiment which he made 
with moft care, and which is to be found in his 4th vol. p.. 
26a. We there find, that having diflblved 17 dwts 13 grs. = 
321 grs* of mercury in nitrous acid, i| dwt. that is, 36 grs. 
remained unreduced. Now, according to my calculation, 56 
grs. ftiould remain unreduced ; for i 00 grs. of mercury aftbrd^ 
12 cubic inches of nitrous air ; therefore 321 grs. fhould afford 
38,52, which contain 2,58 grs- of phlogifton, and if (accord- 
itig to the table) 4,56 grs. of phlogifton be neceffary to metallize 
i-oogrs.. of mercury,. 2,58. will be neceflary to .raetdli'i^e ^6 grs* 

oi 
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of mercury : and I am fatisfied, from my own trials, that mom 
than 50 grs. would be found unreduced if dephloglfticated ni- 
trous acid had been ufed in diilblvlng the mercury, and the 
folution performed with heat and a flrong acid ; but that which 
lyr, PRIESTLEY ufed, being tlie red or yellow fort, already 
contained much phlogifton, which contributed to the revivifi- 
cation of a larger quantity of mercury than would otherwife 
be found. It is true, that Dr. priestley afterwards revivified 
,a great part of what originally remained unreduced ; but this 
happened after it was for fome time expofed to the free air^ 
from w^iich the calces of the perfe6l metals always atti-a6l 
phlogifion, as is evident in luna cornua, which blackens on 
cxpofure to the air, and hence alfo proceed the redudions 
.operated by Mr. bayen. 

But Dr, PRIESTLEY, to whofc luminous experiments chy« 
miftry is already fo much indebted, has been fo obliging as to 
furnifh me with fome which tend more diredlly to elucidate the 
prefent queftion. 

In one experiment he found that nearly 5 dwts. of minium, 
from whence all its air was extra6led, that is, about 1 1 8 grs* 
abforbed 40 oz. meafures of inflammable, that is, 75,8 cubic 
inches == 2,65 grs. of phlogifton, and were then reduced: 
then 100 grs. of minium fhould require for their redudion 
nearly 2,25 grs* of phlogifton. In another experiment, made 
ivith more care, he found, that 480 grs. of minium abforbed 
108 oz. meafures of inflammable air; according to this then 
100 grs. of minium require for their reduction 1,49 grs. of 
phlogifton \ and in two other experiments he found this quan- 
tity ftill lefs. Upon which I remark, firft, that the whole of 
the minium \¥as not dephlogifticated | for, befides that it is 
never throughout equally calcined^ much of it muft have been 

reduced 
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reduced durmg the expulfion of .its air; ftcondly, that the 
quantity of the phlogifton in the ,||iflamrnable air may havt 
been greater as this varies with its teaiperature, and the weight 
of the atniofphere ; fo that upon the whole thefe experiments 
confirm the refults exprefled in the table. 

Of the affinity of metallic calces to phlogif on. 

That inflammable air or phlogiilion is condenfed to a very 
confiderable degree by uniting to any metallic iubftancej fb that 
its fpecifie gravity is not only equal, but rriueh fbperioi:^ to that 
of the metallic earth with which it combines, may eafily be 
concluded from the example of fixed air, which, by uniting to 
calcareous earth, acquires a fpecifie gravity equal to that of 
gold; and hence, that metallic earth which condenfes phlo- 
gifton moft, and in greatefl: quantity,; uniting to it moftclofelyt 
may be (aid to* have the greateft affinity to it; fb that if we 
could find the fpecifie gravity of a calx perfeftly pure, both 
from phlogifton and fixed air, we could, by comparing its den- 
fity with that of the fame calx when metallized, know the 
denfity which phlogifton acquires by its union with fuch calx ; 
but to procure fuch calces hath hitherto proved impoffible, as, 
during thqlr dephlogiftication, they combine with fixed air, or 
fome particles of their menftruum; and hence their abfolute 
weight is increafed, though their fpecifie gravity be fomewhat 
diminifhed. From this laft circumflance it appears, that the fpe- 
cifie gravity of calces differs much lefs from that of their refpe€-> 
tive metals than does the fpecifie gravity which the phlogifton 
acquires by its union with thofe calces, from that which it 
poflefles in its uncombined ftate; in the fame manner as the 
denfity of quick-lime difers much lels from that of lime- 
ftone, than does the denfity which fixed air acquires by'its 

VoL« A^XaIIL K union 
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union with quick-lime from that which belongs to it in its aerial^ 
jftate; and hence, inftead of deducing the quantity of affinity 
of metallic calces to phlogifton from the following propofitionj, 
viz* thzt the affinity of metallic calces to phiogiflon is in a com-^ 
pound ratio of its quantity and denfty in each metal^ I am obliged 
to deduce it from this other, viz. that the affinity of metallic 
calces to phlogiflcn is direStly as the fpecific gravity of the refpec- 
five metals^ and inverfely as the quantity of calx contained in a 
given weight of thofe metals. This latter propofition is an ap- 
proximation to the former, founded on this truths that tht: 
larger the quantity of phlogijlon in any metal is^. the fmalkr is the 
quantity of calx in a given weight of that metal y and that the 
denfty which the phlogifion acquires y is as the fpecifo gravity of 
the metal. This latter propofition^ however, is not exactly 
true,, foi^ this denfity is much greater; yet it is the neareft 
approximation I can. make, and- its defe^ is fenfibie only with 
regard to thofe metals which contain a confiderable quantity of 
phlogiftoiv vi%.. gold, copper,, cobalfc, and iron:: with regard? 
tx) the reft it is of no importances^. 

Then the fpecific gravity of metals- being as repfefented in; 
the firil column, of the following table,, the affinity of their 
calces to phlogifton will be as is fliewn in the fecond column* 
The third, column expreflfes- thefe affinities in numbers homo- 
genous With thofe which expreis the affinities of acids with- 
their bafis. 
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Here we fee, that the calx of lead has a gf eater affinity to 
phlogiftpn thin the calces of atiy of the iraperfedl metals^ 
and hence its ufe in cuppellation ; for after It has loft its owA 
phlogifton, it extra(J3:s that of the.bafe metals, and thus pro* 
motes their calcination and vitrification . 

Though :the numbers in the fecond column e)iprefs tolerably 
well the greater or leffer affinity of metallic calces to phlG*' 
gifton, yet they have this inconvemeiice^ that they are not 
homogenous with thofe that exprefs the afifinities of acids to 
other bafes, which limits their ufe to a narrow compafs, they 
feeing, on that account, Incomparable with thofe that expreli 
the affinities of acids : I therefore endeavoured to find a coin* 
cidence between them in ibme one inftance, in order to reduce 
them to the fame ftandar^, as will be feeft in the next para* 
graph. 
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(^ jf^^ qffmity of the vkrklic acid U phkgifion mfulphur. 

According to the priiicipJe above laid down, this affinity is 
in a compound ratio of the quantity of phlogifton taken up by 
1 oo grs. of the vitriolic acid and of the denEty it acquires by 
its union with the acid. Now loa grs* of fuiphur contain 5p 
of acid an44i of phiogifto% and the fpecific gravity of fuiphur 
is 29344; therefore, the lofs of weight of fuiphur in water = 

•^--—=42^66 grs. the lofs of weight of the acid part of the 

falphur is r—^^^ ^J??^ S^'s.; therefme, the remainder of the 

lofs of fuiphur is the lofs of the ,phlogiftic part = 28570 grs.^ 
then the abfblute weight of the phlogiiftofii being 41 grs% its 

denfity will be 1,429 =-g - ; and fince 100 grs, of vitriolic acicl 

take up 70 of phlogiflon its affinity will be 1 5429 x 70=2:100^ 
But if the affinity of the vitriolic acid to phlogiflon in fuiphur 
had been fought in the fame manner with the affinity of metallic 
calces to phlogiflon, the quantity would be the fame, though 
the expreffion of that quantity would te different, as relating 
to a different ilandard; for by that method the affinity w-ould be 
diFe£lly as the deniity of the phlogiflon, and' inverfely as the 
quantity of vitriolic acid contained in 1 00 grs» of fuiphur, that 

is, -—^-,024; therefore, this expreffioii anfwers to^ and is 

equivalent to the,^ farmer,, .w^,: 100,,,, : By: this... meaps,. I formed 
the quantities expreled in the third column, which are homor 
genous to thofe whiqh exprefs the affinities of acids to their 
bafis. Thus, the affinity of the calx of gold to phlogiflon is 

1041, for;; ,024 • ioQ>:.: ,25 .. 1041, &c. 

Thi 
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The third point necellarj for the explanation of the pheno- 
mena attending the folution of naetals, and their precipitation 
by each other, is to determine the proportion of phlogifton 
which they lofe by^okition in each of the acids, and the affi- 
nity which their calces bear to the part fo loft. I have not 
been able to determine this by any direft experiment ; : for 
though I might determine the part which efcapes in the form 
of air^ yet I could not that which is equally jfeparated from the 
metal, but retained in the folutlon ; yet from various collateral 
confideratiqns I am induced to think, the proportion of phlo- 
gifton, feparated from the metals by the different acids, is, at a 
medium, as exprefled in the following table. 
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On this fuppofition the affinity of the calces to the deficient 
part of their phlogifton may eefily b^ calculated ; for they may 
be confidered as acids whofe affinity to the deficient part of 
their bafts is as the ratio which that part beara to the whole, as 
already faid. Thus the affinity of iron, thoroughly deprived 
of its phlogifton, being 3.75, aS it lofes ^ds of its ; phlogifton 
by folution in the vitriolic acid, the affinity of iron to thefe twa- 
thirds is ^ds of its whole affinity, that is, ^ds of ^j^ n 250-.. 

Theie affinities, together with ihofe of the three acids to 
the feveral calces,, are reprefented together in the following 

V itriolic 
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The affinities of calces to phlogifton are taken at a mediuin ; 
for almoft all ixietalljc fubftances are capable of greater or lefler 
dephlogiftication^ according to the ipecies, concentration, and 
dephlogiftication of their menftruum* The more thej^ are 
dephlogifticated, the greater their affinity to phlogifton ; and^ 
in general^ the lefs their affinity to the mineral acids. Yet 
there is a point of dophlogiftication at which the attraftion of 
acids to the calces is ftrongefl : thus the vitriolic acid attrads 
hifmuth moft ftrongly after it has been dephlogifticated by the 
tiitroms acid? and the marine acid attradls both bifmuth and 
iiix:kel more powerfully, when dephlogifticated by the nitrous 
m vitriolic acids. 

From thefe data we may eafily conceive, in moft cafes, what 
will happen '^n putting one metal into the folution of another. 

Thus^ if a piece of copper be put into a faturate folution of 
filver, the iilver will be . precipitated ; for the balance is in 
favour ol" ^e divellent powers* 
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Quiefcent affinities. 

Miirous aeid to filver - 375 

Calx of copper to pKlogiflon 363 



Divellent affinities. 

Nitrous acid to copper 
Calx of filver to phlogiflon 

Sum of the divellenf —> 



491 



Sum of the quiefcent affinities^ 738 

The folutions mufl be nearly faturate, elfe a large quantity 
0f the added metal will be difTolved' by the free acid, before 
any precipitation can appear ; yet it muft nat be intirely fatu- 
rate, at leafl in fome cafes,, as will prefently be feen. 

I faid in moji cafes^ becaufe in feme, particularly where mer- 
cury, bifmuth,- cobalt, regulus of antimony or arfenic, are 
ufed, another power intervenes which has not yet been fully 
invefligated, 1?/^'. the attradlion of calces to each other, which 
J ihall occafionally mention. 

It is worthy of obfervation, that the precipitating, metals are 
more dephlogifticated by this means than by dired folution irr 
their refpeftive menflruums, and are even diflblved by men- 
ftruums that wouldiiot otherwife affe6t them ; becaufe their 
phlogifton is torn from them: by two powers inftead of one : 
thusj though copper be direfilly foluble in the vitriolic acid^ 
only when this acid is concentrated and heated to a great 
degree,, yet if a piece of copper be put into a dilvitb pold folu- 
tion of filver or merc\>ry in the vitriolic of acid,, or even into a. 
dil Li te folution of iron;, expofed to the open air, it will - be dif- 
Iblved;; a circumflance which juilly excited the wonder of Mr. 
MARGRAAi^^ and Mr. wenzel, who did not apprehend the 
theory of it : and hence we fee how vitriol of copper^ may be 
formed by nature, and why it always contains-a mkture of iron. 

Xyf folutions in ^ the vitriolic acid^ 

This acid diffolves iron and zinc, withoi^t the affiftance of 
lieat.;, becaufe its affinity to their calces is greater than the afii- 

5, nity 
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iiity ivhich tliefe calces bear to that portion of phlogifloti 
which thej muftlofe before the j can unite to the acid, as may 
be feeii bj mfpe£l:ing the table; but all other metallic fub- 
fiances unite to this acid onlj where it is concentrated and 
heated^ 

Of Jhluiims in the mtrmsacid. 

The nitrous acid has Itefs affinity to all metallic fubftances 
than either the vitriolic or marine. It has alfo lefs affinity to 
them than they have to that portion of phlogifton which they 
mull lofe before they can unite to it; yet it diffolves them all 
(gold and platina excepted) even without the aid of heat be- 
caufe it unites itfelf to phlogifton unlefs too dilute; and the 
heat produced by its union with phlogifton is fufficient to 
promote the folution. 

But if it be too concentrated, it will not a£t either on lead 
or ftlver, without the affiftance of heat, as Boyle and boer- 
HEAVE have remarked^ ; for the difference betwixt its affinity 
to thefe metals, and that of thefe metals to the portion of 
phlogifton which they muft lofe before they can unite to it, is 
very great ; and when It is very concentrated, the liquor does 
not contain fire enough to throw the phlogifton and it into an 
aerial form, and reduce the fblid to a liquid ; the fame would 
probably be obferved with regard to mercury, if it had not 
been already in a liquid ftate. stahl has alfo remarked, that 
k produces very little heat in diflblving filver, and none in dif- 
folving-lead or mercury f. This is eafily explained, now that 
we know that filver contains but little phlogifton, and lead 
much lefs, the heat being evidently produced, according to the 

♦ I SHA%¥^S-BOE-mH, 508, 2 SHAW*S BOYl-E JJf* ' 

4 sTAwi- fur Ics fell i68# 
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law difcovered bj Dr. Crawford, by the union of phlogifton 
to the acidj for metallic calces produce no heat. As to mer- 
cury, the obfervation is not exad;^ lorits Iblution is accompanied 
with heat^ as Mr» lavoisier has bbferved^ i lavois. z48« 

Of folutions in the marine acid. 

This Bcid is known to dephtogifticate metals lefe than any 
other. Where the portion of phlogifton^ neceflary to be fepa- 
rated, is more ftrongty ittra<£l:ed than the acid itielf^ it can 
c^erate no fbkition, or at leaft: very flowly, without the aid 
of heat; nor even where the attraftion of acid is ftronger to 
the calx than that of the portion of phlogifton it feparates, if 
the proportion of acidi to fuch jcalx be very fmall ; becaufb fb 
fmall a quantity of acid does not contain fire enough to volati- 
lize the phlogifton ; and hence heat is neceflary for the folution 
of lead in this acid. The dephlogifticated acid afts more 
powerful ly« 

Of precipitations of and by iron. 

: The mutual precipitatidns of iron and copper itom the 
vitriolic acid by -each other, have been well t^xplained in a ge* 
neral manner byMr^ monnet and Mr.fiERGMAN; I fhall here 
fliew the reafon of thefe precipitations more diftinfitly^ 

if a piece of copper be put into a faturate folution of iroiij 
frefh made, no precipitation will happen, nor will any of the 
copper be diilblved in twelve hours, nor even in a longer tim% 
if the accels of air to the folution be prevented ; but if the 
folution be expofed to the open air^ the addition of a volatile 
alkali will ftiew the copper to have been afted upon in 24 
hours, or fooner if heat be applied, and a calx of iron is pre- 
Cipitated« The operation of the affinities in the firft cafe is as 
follows. 
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Quiefcentv 

Vitriolic acM to calx of iron ayo 

Copper to its phlogiHon <* 360 



Dlvellent. 

Vitriolic acid to copper 

Galx of iron to phlogiilon ^50 



Sum - ™ • 630 I Sum . * «. ^lO 

Hence, In this cafe, no ^cojMpofition can happen; but in 
the fecond cafe, much of the phlogifton of the foliition of 
iron having efcaped 5 the affinity ^f the calx of iron to add is 
diminilhed, and that to phlogifton is inereafed, and therefore 
the quiefcent affinities may be fuppofed. 



Vitriolic acid to the calx of iron 24^ 
Copper to its phlogiilon • 360 



600 



and the divelle»t. 

* 

Vitriolic Jlcid to copper « 260 

Calx of iroa to phlogiflon 37a 



\xxt from the increafed affinity of the calx of iron to phlo- 
gifton it might be inferred, that as the iron recovers its phlo- 
gifton, the acid ihould re- a^ upon it and quit the copper ; and 
this would cettainly happen, if it recovered its phlogifton in 
fufficient quantity, but the access of air and beat prevents its 
retaining it, at leaft in fufficient quantity. 

This increafed affinity of the calx of iron to phlogifton is not 
a mere fuppofition ; for, if into a folution of iron, lb far de* 
phloglfticated as to refiile to cryftallize, ibme firefh iron be put,^ 
the impoverifhed calx will i*e-attra^ fo much of thephlogifton 
given out during the folution of the frefli iron, that it will 
now afford ciyftals, as Mr. monnet has obfoved in his excel- 
lent Treatife on Vitriolizatlon. The dlmlnlfhed attraillon of 
the calx of iron to acids is alfi> evident from this experiment^ 
4 and 



and alio from the neceflity of Mding more acid to a turf)id 
fblutioii of iron, in order to re-eftablifli its tranlparenty. The 
calces of copper alfb precipitate a dephlogillicated Solution of 
iron, as they fliould, the affinity of the acid to fuch calx of 
iron being 240, and that to copper being 2^60. With regard to 
the folation of iron in nitrous acid, the fame thing happens; 
but as this iolution contains a large excels of acid, a portion of 
copper is diflblved even before any of the iron is precipitated. 

With regard to a Iblutbn of iron in the marine acid, though 
expoied to the open air, cdppeir pi^cipitates nothing from it in 
24 hours. 

But if a clean piece of iron be put into a fblution of copper 
in the vitnolic acid, the copper is immediately precipitated ; for 
here the quiefcent and divelfcnt Unities exhibited in the firft 
fcheme are reversed, the qniefcent becoming the diveUent, and 
vke verfcL It is needleifs to add, that copper is in the lame 
manner precipitated by iron from the nitrous and marineacids. 

Hence the praOrice of extraifling copper from Ibme mineral 
waters by means of iron. Thefe waters, therefore, fumifli 
afterwards, by evaporation, vitriol of iron ; but it is remarka- 
ble, that this vitriol i^ much paler than the common, and lefs 
fit for dying, 2 schlutter 507. The reafon of which is^ 
that it is more dephlogifticated, not only becauie old iron is 
chiefly ufed, but becaufe copper, containing more phlogifton 
than an equal weight of iimi, deprives it of more of its phlo* 
gifbn than it would lofe if barely diflblved in the vitriolic 
acid. 

Caft iron, according to schlittter, will fcarcely precipi- 
tate a folution of copper; and in efFeft Mr. Bergman has 
found that it contains lefs phlogifton than bar iron* 

L 2 I have 
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I kave always fourid filver to be fafily precipitated from its 
Ibliation in the nitrous acid byriron. The fbm o£ the quielcent 
affinities being 635, and that of the divellent 746 ; yet Mr., 
BERGMAN obfefved^ that a very faturat;Q fblutipn of fiiver was 
vei-y difficultly precipitated, and only by fome forts df iron^ 
even though the folution was diluted^ and an excefs of acid 
added to it^ ; the reafon of this curious | phenomenon appears to 
me deducible from a circumftance firft obferved by Mr. scheele^, 
in diffolving mercury, namely, that the: nitrous acid, when 
faturated with it, will take : up more of it in its metalliG, 
formf' The fame thing happens in diflblvlng fiiver in the 
nitrous acid in a ftrong heat ; for, as I before remarked, the 
laft portions of fiiver thrown in afford no air, and confequently 
are iiot, dephlogifticated. Now this compound of calx of 
fiiver, and fiiver in its metallic fbrm^ may well be unprecipitable. 
by iron, the fiiver, in its metallic form, preventing the cal>^ 
from coming in conta6l with the iron, and extracting phlor 
giflon from it : and hence alfo, iron has fometimes been ob- 
ferved not to preeipltate a folution of mercury in this acid |. 

It has been long thought, that iron may be precipitated from, 
acids by zinc, though new man long ago denied it; but Mr. 
BERGMAN has fatisfadorlly cleared up this point, by fliewlng^ 
that zinc cannot precipitate iron from the vitriolic acid, until: 
t^he folution of iron lofes part of itsphlogifton. With regard., 
to the nitrous acid, I found, that zinc does not precipitate iron ^ 
but, on the contrary, iron precipitates zinc *,. but in a fliort 
time the acid re-dilTolves the zinc, and lets fall the iron, which, 
evidently proceeds from the too great dephlogifticatlon of the 
calx of iron. But zinc precipitates iron horn the marine^. 

* Differt. de Phlog. Quantkate in Metal, p. .6^ 
t 39 suENSK. Handling, p. 7^« 
J 2 Crell, Nev. Entdeck, p, 266. 

though 
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though with difficulty ; for after 24 hours the galls ftill ftruck 
a black, I Ihould alfo add, that iron does not precipitate zuic 
from the vitriolic acid. 

Moft metallic fubftances, precipitated by iron from the ni- 
trous acid, are in fome meafure re-diflblved fhortiy after, as 
the nitrous acid foon dephlogifticates the iron too much, then 
lets it fall, and re-adts on the other metals and re-difTolves 
them. 

The precipitation of the argillaceous earth from allum by 
iron is owing to the excefs of acid in the allum which firft 
dephlogifticates the iron ; and when this is dephlogifticated, it 
attracts the acid more ftrongly. Earth of allum, on the other 
hand, precipitates iron when the folution of iron is dephlo« 
gifticated by heat. It may alio produce thiseffieil: by depriving 
Iron of its excefs of acid which keeps it in folution* 

Of precipitations of and hy copper^ 

When filver is diflblved in the nitrous acid, and a piece of 
copper is put into the folution, it fometimes happens, that the 
filver is not precipitated, as Dr. lewis has obferved *^. Thia 
happens either when the nitrous acid is fuperfaturated with 
filver having taken up fome in its metallic form, as already 
obferv^ed ; or when the filver is not much dephlogifticated, for 
then its affinity to phlogifton, which is the principal caufe of 
its precipitation, is lefs than 491 ; therefore, the remedy is to 
heat it and add more acid, by which it is dephlogifticared fur- 
ther. However, the nitrous acid always retains a little filven 
scHLUTTER. 362. Hi ft. Mem, Par. 1728. 

It is commonly faid, that if filings of copper be put into a 
hoiling folution of allum, vitriol of copper will be found? ^nd 

'^ Commercium Philof* p. 157. 

the. 
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the earth of allum precipitated. If this were true it would be 
very furpriiing, as copper is foluble, even with the affiftance of 
heat, only in the concentrated vitriolic acid. Hence I made 
the experiment, and found, that after 20 hours boiling not 
the fmalleft particle of copper was diflblved, for the colour of 
the folution was not altered by volatile alkalies : and though the 
allum was precipitated, it ftill retained its faline form, io that 
it loll only its excefs of acid in this experiment* 

Of precipitations of and by tin. 

Tin is not precipitated, in its metallic form, by any metallic 
fubftance ; and the reafon is, becaufe its precipitation is not the 
effefit of a double affinity, but of the fingle greater affinity of 
its mehftruum to every other metallic earth. Metals that are 
precipitated from the nitrous acid by tin, are afterwards re- 
diffolved, becaufe the acid foon quits the tin, it becoming too 
much dephlogifticated. 

Of precipitations of and by lead^ 

Metals diflblved in the vitriolic and marine acids, and preci- 
pitable by lead, according to the indication of the balance of 
affinities, are yet fldwly precipitated, becaufe the firft portions 
of lead that are diflblved form falts of difficult folution, which 
cover its furface, and protedi it from the further a<5lion of the 
acid; and yet it contains fo little phlogiflon, that a great deal 
of it mufl be difTolved before it gives out enough to precipitate 
the diflblved metals. 

Mr. BERGMAN obfervcd, that a very faturate folution of lead 
is difficultly, if at all, precipitable by iron. Does not this 
alfo arife from fome lead being taken up in its metallic form? 
Iron does not precipitate lead from the marine acid, though a 

pre- 
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precipkate appears ; for this precipitate ftill retains the marine 
acid: on the contrary, lead precipitates iron from this acid, 
though very nowly/ 

Of prectpitations of and by mercury. 

Though the difference hetwixt the qmelcent and diveiient 
powers be very fmall, yet mercury is quickly precipitated from 
the vitriolic acid by copper ; becaufe the attraftion of the calx 
of mercury to phlogifton is very ftrong, and a very fmall pro- 
portion of that contained in copper h Sufficient to revive it. 

Silver does not precipitate mercury from the vitriolic acid, 
tmlefe it contains copper, and then it does precipitate it| yet if 
filver and turpeth minerall be diftilled, the mercury will pafs in 
its metallic ibrra, wenzel 4a. ; which fhews that the affinity of 
calx of mercury to phlogifton is increafed by heat. The difference 
betwixt the quiefcent and divellent powers is indeed very fmalL 

Silver appeared to me to precipitate mercury from the nitrous 
acid, though very flowly, when the folution of mercury was 
made wi^'h heat, and not over faturated ; but when the folu-. 
tion of mercury was made without heat, it was not at all pre- 
cipitated. On the other hand, mercury precipitates fil ver from 
this acid, not by virtue of the fuperiority of the uliial divellent 
powers, but by reafon of the attra£lion of mercury and lilver 
to each other, for they form partly an amalgama and partly 
vegetate, and fcarce any of either remains in the folution* 
The fame thing happens, that is, they vegetate, if fblutionsof 
both metals in the fame acid be mixed together. 

Silver does not precipitate mercury from^ the fblution of 
jfublimate corrofive; but^ on the contrary, mercury precipi-i 
tates filver from the marine acid : and if a folution of horn 
filver in volatile alkali be triturated with mercury, the lilver 

wili 
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will be freed from its acid mid calomel formed, i maroraai? 
284. ; and jet^ if calomel and filver be diftilled, the merciirj 
%vill pafs ill its metallic form, and horn liker will be formedt 
Bid. 2H6. The fame thing happens if lilver and fublimate 
corrofive be dlftilled, i pott. 338. staiil des/els^ 306 1 the 
affinity of calx of mercury to phlogifton increaling with the 
heat. 

Of prmpifatkm &f and ^ bffmuth 

With refped to the vitriolic acid I have made the fum of the 
i^uiefcent and divellent powers eqnal^ though in Mk fome- 
times the one preponderates and fometimes the other. Wif- 
iii^uth precipitates nothing from vitriol #f copper in 16 hours; 
nor does copper from vitriol of wifmuth. Copper is faid to 
precipitate wifmuth from the nitrons acid ; but 1 have alfo feen 
copper precipitated from this in its metallic form by wifmuth. 
The variations jproceed from the different dephlogiftication of 
copper* 

Of precipltatkm of and by nkkeh 

Unlefs nickel be pulverifed it fcarcely precipitates any metai 
Zinc precipitates a black powder from the folutioit of nickel 
in the vitriolic and nitrous acid, which Mr. beigman, by a 
method peculiar to him, has Chewn to confift of arfenic, nickel^ 
and a little of the zinc itfelf. The arfenic attrading the calx 
of nickel * ; but zinc precipitates nickel from the marine acid. 

The folution of iron in vitriolic acid a^s on nickel, and 
that of nickel in this fame acid a£ts on iron ; but neither pre- 
cipitates the other in 24 hours; but on longer reft, iron feems 
to have the advantage ; but iron clearly precipitates nickel 

'* I s HEN SE. Handling* -i^Bo. 
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from tHe nitrous acid I and though nickel fcems alfo to preci- 
pitate iron, yet this arifes only from the gradual dephlogiftica* 
tion of the iron. 

Nickel precipitates copper In its metallic form from the 
vitriolic acid. It alfo precipitates copper from the nitrous and 
marine acids; but copper precipitates arfenic from a nitrous 
folution of nickel. The vitriolic and nitrous folutions of lead 
feem to ad in fpecie on nickel, that is, to diflblve it without 
any decompofi tion, the calces uniting to each other. The vi- 
triolic and nitrous folutions of nickel for fome time a£t on lead 
in the fame manner i but at laft nickel feems to have the ad- 
vantage. With regard to the marine acid, lead feems to have 
the advantage, though a black precipitate Is feeo, whichever 
of them is put into the folution of the other. 

Nickel readily precipitates wifmuth from the vitriolic and 
nitrous acids ; but as to the marine I found each of thefe femi- 
inetals foluble in the folution of the other, yet nickel precipi- 
tates wifmuth very flowly^ and only as to part ; and wifmuth 
precipitates a red powder, which I take tp be ochre, from the 
folution of nIckeL 

Nickel and tin are llightly aded on, each by the fait of the 
other ; but the precipitations are as indicated by the balance of 
affinities* 

Of preclpiiatwns of and By coBak. 

Cobalt is not precipitated either from the vitriolic or nitrous 
acid by mine; but it feemed to me to be precipitated by zinc 
from the marine acid. 

Though iron precipitates cobalt from the three acids, yet I 
found much of the cobalt retained both by the vitriolic and 
nitrous acids, particularly the latter, which, after letting fall 
. Vol. .LXXIII. M the/ 
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tHe cobalt J afterwards re* takes it, and lets fall the depUogifti- 

cated calx of iron. 

Nickel alfo^ thopgh it does not precipitate cobalt itfelf, as 

appears by the remaining rednefs of the foiution^ yet conflantlj 
precipitates fome other heterogenous ftibftance from it. The 
folution of cobalt in the marine acid becomes colourlefs by the 
addition of nickel. 

Wifmuth is foluble in the vitriolic and nitrons folutions of 
cobalt, and caufes a jSiiall white precipitate, bnt does not afe€t 
the truecobaltlc part. Theleibliltions in vitriolic acid cannotr 
be attributed to an excefs of acid, as they are made in a dilute 
tcid, and without heat. Copper alfo precipitates a white fub- 
fiance from the nitrous folution of cobalt, which I take to be 
arfenic* 

It is difficult to procure either nickel or cobalt "^erj pure ; it 
is= evident thofe I ufed were not fo. 

Of prectfkatwm of and by mgulus of antimony. 

Copper neither precipitates, nor is precipitated from, tBe 
vitriolic acid by regulus of antimony, at leafi: in three days i 
but vitriol of antimony in fpecie diflblves it flowly. 

The regulus is alfo a£led upon by vitriol of leadV for it be- 
comes red after remaining i6 hours in^ the folution of that vi« 
triol; and lead fcarcely precipitates it from the vitriolic acid. 

I alfo found,, that powdered regulus precipitates vitriol of 
mercury very High tly. 

Wifmuth neither precipitates, nor is precipitated by, this^ 
regulus from the vitriolic acid in 24 hours. 

Though tin precipitates this regulus from the nitrous acid,, 
yet if the regulus be put into a folution of tin in this acid, ia 
16 hours neither will be found in the folution^ either 

by 
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%y reafbn of the dephlogiftication, Qt of the union of tlie 
calces to each other. 

Iron does not precipitate this regulus intirely from the marine 
acid, but a triple fait feems to be formed, confifting of the 
acid and both cakes. The regulus is alio fbluble in marine fait 
of iron* 

Neither does copper precipitate the regulus from marine acid 
in 1 6 hours ; and if the regulus be put into marine fait- of 
copper it will be diflblved, and volatile alkalies will not give 
a blue but a yellowiili white precipitate, fo that here alfo a 
triple fait is formed. 

Of Preclpifatiom of and by regulus- of arjenic^ 

The folutions of arlenic zdc m moft cafes like two acids: 
thus iron, copper, lead? nickel, and zinc, are afted on by- 
vitriol of arfenic (that is, its folution in vitriolic acid) but 
fcarce give any precipitate. 

Neither does iron precipitate arfenic from the nitrous acid, 
but copper does, and even filver gives a flight white precipitate ; 
but regulus of arfenic precipitates filver completely in i6 hours. 
Hence the former precipitate feems to be a triple fait. 

Mercury alfo flightly precipitates arfenic from the nitrous 
acid, and feems to unite to it, yet is itfelf precipitated by 
regulus of arfenic in 24 hours. 

Wifmuth forms a flight precipitate in the nitrous folution of 

arfenic ; but regulus of arfenic forms a copious precipitate in the 

nitrous folution of wifmuth ; fo that I believe the calces unite. 

Nickel does not precipitate arfenic from the nitrous acid, but 

both calces unite ; but resjulus of arfenic produces a copious pre- 

: . i 

cipitate in the nitrous folution of nickel^ yet the liquor continues 

Ms green ; 
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green ; fo that certainly the nickel is not precipitated ; the white 
precipitate in this cafe feeras to be {lightly dephlogifticated 
arfenic. 

This reguliis aifo caufes a white precipitate in the nitrous 
folution of cobalt, but the liquor flill continues red. 

With regard to the marine acid, copper precipitates the 
regains, but volatile alkalies do not ftrike a blue with this folu- 
tion, w^hieli fhews the copper unites with the arfenic. Iron 
alfo precipitates the arfenic. Tin is foluble in marine folution 
of arfenic, but I could obferve no precipitate, nor does regulua 
of arfenic precipitate tin. 

Neither wifmuth nor the regulus of arfenic precipitate each 
other from the marine acid in 1 6 hours* Regulus of antimony 
is alfo afted upon by the marine folution of arfenic, though it 

caufes no precipitate,, nor does the regulus of arfenic precipitate 

» _ 
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